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GENE THERAPY FOR CYSTIC FIBROSIS 

Related Applif^f^^^^ 

This application is a continuation-in-part application of United States Serial Number 
5 08/130,682, filed on October 1, 1993 which is a continuation-in-part application of United 
States Serial Number 07/985,478, filed on December 2, 1992, \s1iich is a continuation-in-part 
application of United States Serial Number 07/613,592, filed on November 15, 1990, which 
is in turn a continuation-in-part application of United States Serial Number 07/589,295, filed 
on September 27, 1990, ^ch is itself a continuation-in-part application of United States 

10 Serial Number 07/488.307, filed on March 5, 1990. The contents of all of the above co- 
pending patent plications are incorporated herein by reference. £>efinitions of language or 
tenns not provided in the present application are the same as those set forth in the copending 
applications. Any reagents or materials used in the examples of the present application 
whose source is not expressly identified also is the same as those described in the copending 

1 5 application, e.g., AF508 CFTR gene and CFTR antibodies. 

Badgrownd of tht InyCTtipwi 

Cystic Fibrosis (CP) is the niost common &tal genetic disease in humans (Boat, T.F. 
et al. m The Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, 

20 New York (1989)). Approximately one in every 2,500 infants in the United States is bom 
with the disease. At the present time, there are approximately 30,000 CF patients in the 
United States. Despite current standard therapy, the median age of survival is only 26 years. 
Disease of the pulmonary airways is the major cause of morbidity and is responsible for 95% 
of the mortality. The first manifestation of lung disease is often a cough, followed by 

25 progressive dyspnea. Tenacious sputum becomes purulent because of coloni2Btion of 

Staphylococcus and then with Pseudomonas. Chronic bronchitis and bronchiectasis can be 
partially treated with cunent therapy, but the course is punctuated by increasingly frequent 
exacerbations of the pulmonary disease. As the disease progresses, the patient's activity is 
progressively limited. End-stage lung disease is heralded by mcreasing hypoxemia, 

30 pulmonary hypertension, and cor pulmonale. 

The upper airways of the nose and sinuses are also involved in CF. Most patients 
with CF develop chronic sinusitis. Nasal polyps occur in 1 5-20% of patients and are 
common by the second decade of life. Gastrointestinal problems are also fi:equent in CF; 
infimts may suffer meconiimi ileus. Exocrine pancreatic insufiBciency, which produces 

35 symptoms of malabsorption, is present in the large majority of patients with CF. Males are 
sdmost imiformly infertile and fertility is decreased in females. 

Based on both genetic and molecular analyses, a gene associated with CF was isolated 
as part of 21 individual cDNA clones and its protein product predicted (Kerem, B.S. et al. 
(1989) Science 245:1073-1080; Riordan, J.R. et al. (1989) Science 245:1066-1073; 
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Rommens, JM. et al. (1989) Science 245:1059-1065)). United States Serial Number 
07/488,307 describes the construction of the gene into a continuous strand, expression of the 
gene as a functional protein and confirmation that mutations of the gene are responsible for 
CF, (See also Gregory, R.J. et al. (1990) Nature 347:382-386; Rich, D.P. et ai. (1990) Nature 
5 347:358-362). The co-pending patent application also discloses experiments which show that 
protems expressed from wild type but not a mutant version of the cDNA complemented the 
defect in the cAMP regulated chloride channel shown previously to be characteristic of CF. 

The protein product of the CF associated gene is called the cystic fibrosis 
transmembrane conductance regulator (CFTR) (Riordan, j.R. et al. (1989) Science 245:1066- 

10 1 073). CFTR is a protein of approximately 1 480 amino acids made up of two repeated 
elements, each comprising six transmembrane segments and a nucleotide binding domain. 
The two repeats are separated by a large, polar, so-called R-domain containing multiple 
potential phosphorylation sites. Based on its predicted domain structure, CFTR is a member 
of a class of related proteins which includes the multi-drug resistance (MDR) or P- 

1 5 glycoprotein, bovine adenyl cyclase, the yeast STE6 protein as well as several bacterial 

amino acid transport proteins (Riordan, J.R. et al. (1989) Science 245:1066-1073; Hyde, S.C. 
et al. (1990) Nature 346:362-365). Proteins in this group, characterisdcaUy, are involved in 
pumping molecules into or out of cells. 

CFTR has been postulated to regulate the outward flow of anions from epithelial cells 

20 in response to phosphorylation by cyclic AMP-dependent protein kinase or protein kinase C 
(Riordan, J.R. et al. (1989) Science 245:1066-1073; Welsh, 1986; Frizzell, R.A. et al. (1986) 
Science 233:558-560; Welsh, M.J. and Liedtke, CM. (1986) Nature 322:467; Li, M. et al. 

(1988) Nature 331 :358-360; Huang, T-C. et al. (1989) Science 244:1351-1353). 
Sequence analysis of the CFTR gene of CF chromosomes has revealed a variety of 

25 mutations (Cuttmg, G.R. et al. (1990) Nature 346:366-369; Dean, M. et al. (1990) Cell 

61:863-870; and Kerem, B-S. et al. (1989) Science 245:1073-1080; Kerem, B-S. et al. (1990) 
Proc, Natl Acad Set USA 87:8447-8451). Population studies have indicated that the most 
common CF mutation, a deletion of the 3 nucleotides that encode phenylalanine at position 
508 of the CFTR amino acid sequence (AF508), is associated with approximately 70% of the 

30 cases of cystic fibrosis. This mutation results in the fidlure of an epithelial cell chloride 
channel to respond to cAMP (Frizzell R.A. et al. (1986) Science 233:558-560; Welsh, MJ. 
(1986) Science 232:1648-1650.; Li, M. et al. (1988) Nature 331:358-360; (^inton, P.M. 

(1989) CUtl Ghent 35:726-730). In airway cells, this leads to an imbalance in ion and fluid 
transport. It is widely believed that this causes abnormal mucus secretion, and ultimately 

35 results in pulmonary infection and epithelial cell damage. 

Studies on the biosynthesis (Cheng, S.H. et al. (1990) Cell 63:827-834; Gregory, RJ. 
etal. (1991)Afo/. CellBiol 11:3886-3893) and localization (Denning, CM.etal. (1992)J: 
Cell Biol 1 18:551-559 ) of CFTR AF508, as well as other CFTR mutants, indicate that many 
CFTR mutant proteins are not processed correctly and, as a result, are not delivered to the 
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plasma membrane (Gregoiy, R.J. et al. (1991) Mol. Cell Biol. 1 1:3886-3893). These 
conclusions are consistent with earlier functional studies which failed to detect cAMP- 
stimulated CI" channels in cells expressmg CFTR AF508 (Rich, D.P. et al. (1990) Nature 
347:358-363; Anderson, M.P. et al. (1991) Science 251:679-682). 
5 To date, the primary objectives of treatment for CF have been to control infection, 

promote mucus clearance, and improve nutrition (Boat, T.F. et al. in The Metabolic Basis of 
Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York (1989)). Intensive 
antibiotic use and a program of postural drainage with chest percussion are the mainstays of 
therapy. However, as the disease progresses, fiequent hospitalizations are required. 

10 Nutritional regimens include pancreatic enzymes and &t-soluble vitamins. Bronchodilators 
are used at times. Corticosteroids have been used to reduce inflammation, but they may 
produce significant adverse effects and their benefits are not certain. In extreme cases, lung 
transplantation is sometimes attempted (Marshall, S. et al. (1990) Chest 98:1488). 

Most efiforts to develop new therapies for CF have focused on the pulmonary 

1 5 complications. Because CF mucus consists of a high concentration of DNA, derived firom 
lysed neutrophils, one iQ>proach has been to develop recombinant human DNase (Shak, S. et 
al. (1990) Proc. Natl. ScL Acad USA 87:9188). Preliminary reports suggest that aerosolized . 
enqrme may be effective in reducing the viscosity of mucus. This could be helpful in 
clearing the airways of obstruction and perhaps in reducing infections. In an attempt to limit ^ 

20 damage caused by an excess of neutrophil derived elastase, protease inhibitors have been 

tested. For example, alpha- 1 -antitrypsin purified fix)m human plasma has been aerosolized to 
deliver enzyme activity to lungs of CF patients (McElvaney, N. et al. (1991) The Lancet 
337:392). Another approach would be the use of agents to inhibit the action of oxidants 
derived fix>m neutrophils. Altfiough biochemical parameters have been successfully 

25 measured, the long term beneficial effects of these treatments have not been established. 

Using a different rationale, other investigators have attempted to use pharmacological 
agents to reverse the abnormally decreased chloride secretion and increased sodium 
absorption in CF airways. Defective electrolyte transport by airway epithelia is thought to 
alter the composition of the respiratory secretions and mucus (Boat, T.F. et al. in The 

30 Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York 
(1989); C^uinton, P.M. (1990) FASEBJ. 4:2709-2717). Hence, pharmacological teeatments 
aimed at correcting the abnormalities in electrolyte trartsport could be beneficial. Trials are in 
progress with aerosolized vmions of the drug amiloride; amiloride is a diuretic that inhibits 
sodiimi channels, thereby inhibiting sodium absorption. Initial results indicate that the drug 

35 is safe and suggest a slight change in the rate of disease progression, as measured by lung 

function tests (Knowles, M.etal. (1990) A^.£w^.y.Afed: 322: 1189-1194; App, E.( 1990) ^/w. 
Rev, Respir Dis, 141:605). Nucleotides, such as ATP or UTP, stimulate purinergic receptors 
in the airway epithelium. As a result, they open a class of chloride channel that is different 
firom CFTR chloride chaimels. In vitro studies indicate that ATP and UTP can stimulate 
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chloride secretion (Knowles, M. et al. (1991) //. Eng. J. Med 325:533). Preliminary trials to 
test the ability of nucleotides to stimulate secretion in v/Vo, and thereby correct the electrolyte 
transport abnormalities are underway. 

Despite progress in therapy, cystic fibrosis remains a lethal disease, and no current 
5 therapy treats the basic defect However, two general approaches may prove feasible. These 
are: 1 ) protein replacement therapy to deliver the wild type protein to patients to augment 
their defective protein, and; 2) gene replacement tfaerqiy to deliver wild type copies of the CF 
associated gene. Since the most life threatening manifestations of CF involve pulmonary 
complications, q^ithelial cells of the upper airways are appropriate target cells for therapy. 

10 The feasibility of gene therapy has been established by introducing a wild type cDNA 

into epithelial cells fiom a CF patient and demonstrating complementation of the halhnark 
defect in chloride ion transport (Rich, D.P. et al. (1990) Nature 347:358-363 ). This initial 
work involved cells in tissue culture, however, subsequent work has shown that to deliver the 
gene to the airways of whole animals, defective adenoviruses may be useful (Rosenfeld, 

15 (1992) Cell 68:143-155). However, the safety and effectiveness of using defective 
adenovuruses remain to be demonstrated. 

Summary of the loYgntion 

In general, the instant invention relates to vectors for transfeiring selected genetic 

20 material of interest (e.g., DNA or RNA) to cells in vivo. In preferred embodiments, the 

vectors are adenovirus-based. Advantages of adenovinis-based vectors for gene therapy are 
that they appear to be relatively safe and can be manipulated to encode the desired gene 
product and at the same time are inactivated in terms of tiieir ability to replicate in a normal 
lytic vural life cycle. Additionally, adenovirus has a natural tropism for aurway epithelia. 

25 Therefore, adenovirus-based vectors are particularly preferred for respiratory gene therapy 
q>plications such as gene therapy for cystic fibrosis. 

In one embodiment, the adenovirus-based gene therapy vector comprises an 
adenovirus 2 serotype genome in which the Ela and Elb regions of the genome, which are 
involved in early stages of viral replication have been deleted and replaced by genetic 

30 material of interest (e.g., DNA encoding the cystic fibrosis transmembrane regulator protein). 

In another embodiment, the adenovirus-based therapy vector is a pseudo-adenovirus 
(PAV). P AVs contain no potentially harmful viral genes, have a theoretical capacity for 
foreign material of nearly 36 kb, may be produced in reasonably high titers and tnaltitam the 
tropism of the parent adenovirus for dividing and non-dividing human target cell tjrpes. 

3 5 P AVs comprise adenovirus inverted terminal repeats and the muiimal sequences of a wild- 
type adenovirus type 2 genome necessary for efficient replication and packaging by a helper 
virus and genetic material of interest. In a preferred embodiment, the PAV contains 
adenovirus 2 sequences. 
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In a further embodiment, the adenovims-based gene therapy vector contains the open 
reading frame 6 (ORF6) of adenoviral early region 4 (E4) from the E4 promoter and is 
deleted for all other E4 open reading frames. Optionally, this vector can include deletions in 
the El and/or E3 regions. Alternatively, the adenovirus-based gene therapy vector contains 
5 the open reading frame 3 (0RF3) of adenoviral E4 from the E4 promoter and is deleted for all 
other E4 open reading frames. Again, optionally, this vector can include deletions in the El 
and/or E3 regions. The deletion of non-essential open reading frames of E4 increases the 
cloning capacity by approximately 2 kb without significantly reducing the viability of the 
virus in cell culture. In combination with deletions in the El and/or E3 regions of adenovirus 
1 0 vectors, the theoretical insert cq)acity of the resultant vectors is increased to 8-9 kb. 

The invention also relates to methods of gene therapy using the disclosed vectors and 
genetically engineered cells produced by the method. 

Brirf Description Qf the TaMw and Drawings 

IS Further understanding of the invention may be had by reference to the tables and 

figures wherein: 

Table I shows CFTR mutants wherein the known association with CF (Y, yes or N, 
no), exon localization, domain location and presence (+) or absence (-) of bands A, B, and C 
20 of mutant CFTR species is shown. TM6, indicates transmembrane domain 6; NBD 

nucleotide binding domain; ECD, extracellular domain and Term, termination at 21 codons 
past residue 1337; 

Table II shows the nucleotide sequence of Ad2/CFTR*1 ; 

25 

Table III depicts a nucleotide analysis of Ad2-ORF6/PGK-CFTR; 

The convention for naming mutants is first the amino acid normally foimd at the 
particular residue, the residue number (Riordan, T.R. et al. (1989) Science 245:1066-1073). 
30 and the amino acid to which the residue was converted. The single letter amino acid code is 
used: D, aspartic acid; F, phenylalanine; G, glycine; I, isoleucine; K, lysine; M, methionine; 
N, asparagine; Q, glutamine; R, arginine; S, serine; W, tryptophan. Thus G551D is a mutant 
in which glycine 55 1 is converted to aspartic acid; 

35 Figure 1 shows aligtmient of CFTR partial cDNA clones used in construction of 

cDNA containing complete coding sequence of the CFTR, only restriction sites relevant to 
the DNA constructions described below are shown; 

Figure 2 depicts plasinid construction of the CFTR cDNA clone pKK-CFTRl ; 
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Figure 3 depicts plasmid construction of the CFTR cDNA clone pKK-CFTR2; 
Figure 4 depicts piasmid construction of the CFTR cDNA clone pSC-CFTR2; 

5 

Figure 5 shows a plasmid map of the CFTR cDNA clone pSC-CFTR2; 

Figure 6 shows the DNA sequence of synthetic DNAs used for insertion of an intron 
into the CFTR cDNA sequence, with the relevant restriction endonuclease sites and 
1 0 nucleotide positions noted; 

Figures 7A and 7B depict plasmid construction of the CFTR cDNA clone pKK- 
CFTR3; 

1 5 Figure 8 shows a plasmid map of the CFTR cDNA pKK-CFTR3 containing an intron 

between nucleotides 1716 and 1717; 

Figure 9 shows treatment of CFTR with glyoosidases; 

20 Figures 1 OA and 1 OB show an analysis of CFTR expressed from COS-7 transfected 

cells; 

Figures 1 1 A and 1 IB show pulse-chase labeling of wild type and AFS08 mutant 
CFTR in COS-7 transfected cells; 

25 

Figures 12A-12D show immimolocalization of wild type and AF508 mutant CFTR; 
and COS-7 cells transfected with pN4T-CFTR or pMT-CFTR-AF508; 

Figure 13 shows an analysis of mutant forms of CFTR; 

30 

Figure 1 4 shows a map of the first generation adenovirus based vector encoding 
CFTR(Ad2/CFTR-l); 

Figure IS shows the plasmid construction of the Ad2/CFTR-1 vector; 

35 

Figure 16 shows an example of UV fluorescence from an agarose gel electrophoresis 
of products of nested RT-PCR from lung homogenates of cotton rats which received 
Ad2/CFTR-1 . The gel demonstrates that the homogenates were positive for virally-encoded 
CFTRmRNA; 
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Figure 17 shows an example of UV fluorescence fiom an agarose gel electrophoresis 
of products of nested RT-PCR fiom organ homogenates of cotton rats. The gel demonstrates 
that all organs of the infected rats were negative for Ad2/CFTR with the exception of the 
S small bowel; 

Figures 1 8A and 18B show differential cell analyses of bronchoalveolar lavage 
specimens fiom control and infected rats. These data demonstrate that none of ti^ rats 
treated with Ad2/CFTR*1 had a change in the total or differential vMtc blood cell count 4, 
10 10, and 14 days after infection (Figure 18A) and 3, 7, and 14 days after infection (Figure 
18B); 

Figure 19 shows hematoxilyn and eosin stained sections of cotton rat tracheas from 
both treated and control rats sacrificed at different time points after infection with 
1 S Ad2/CFTR- 1 . The sections demonstrate that there were no observable differences between 
the treated and control rats; 

Figures 20A and 20B show examples of UV fluorescence fiom an agarose gel 
electrophoresis, stained with ethidium bromide, of products of RT-PCR firom nasal brushings 
20 of Rhesus monkeys after application of Ad2/CFTR-1 or Ad2/p-Gal; 

Figure 21 shows lights microscopy and immxmocytochemistiy from monkey nasal 
brushings. The microscopy revealed that there was a positive reaction when nasal epithelial 
cells from monkeys exposed to Ad2/CFTR-1 were stained with antibodies to CFTR; 
25 - 

Figure 22 shows immunocytochemistry of monkey nasal turbinate biopsies. This 
microscopy reveals increased immunofluorescence at the apical membrane of the surface 
epithelium &om biopsies obtained fix)m monkeys treated with Ad2/CFTR-1 over that seen at 
the apical membrane of the sur&ce epitheliimi from biopsies obtained from control monkeys; 

30 

Figures 23A-23D show serum antibody titers in Rhesus monkeys after three vector 
administrations. These graphs demonstrate that all three monkeys treated with Ad2/CFTR-1 
developed antibodies against adenovirus; 

35 Figure 24 shows hematoxilyn and eosin stained sections from monkey medial 

turbinate biopsies. These sections demonstrate that turbinate biopsy specimens from control 
monkeys could not be differentiated &om those &om monkeys treated with Ad2/CFTR-1 
when reviewed by an independent pathologist; 
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Figures 2SA-2SI show photomicrographs of human nasal mucosa immediately before, 
during, and after Ad2/CFTR-I application. These photomicrographs demonstrate that 
inspection of the nasal mucosa showed mild to moderate erythema, edema, and exudate in 
patients treated with Ad2/CFTR-1 (Figures 25A-25C) and in control patients (Figures 25G- 
5 251). These changes were probably due to local anesthesia and vasocontriction because when 
an additional patient was exposed to Ad2/CFTR in a method which did not require the use of 
local anesdiesia or vasoconstriction, there were no symptoms and the nasal mucosa appeared 
normal (Figures 2SD-25F); 

1 0 Figure 26 shows a photomicrograph of a hematoxilyn and eosin stained biopsy of 

human nasal mucosa obtained from the fhurd patient three days after Ad2/CFTR-1 
administration. This section shows a morphology consistent with CF, i.e., a thickened 
basement membrane and occasional morphonuclear cells in the submucosa, but no 
abnormalities that could be attributed to the adenovirus vector, 

15 

Figure 27 shows transepithelial voltage (V|) across the nasal epithelium of a normal 
human subject Amiloride (^M) and terbutaline (^Nf) were perfused onto the mi^ 
sur&ce beginning at the times indicated. Under basal conditions (Vt) was electrically 
negative. Perfusion of amiloride onto the mucosal surfisice inhibited (Vt) by blocking apical 
20 Na"^ channels; 

Figures 28A and 28B show transepithelial voltage (V^) across the nasal epithelium of 
normal human subjects (Figure 28A) and patients with CF (Figure 28B). Values were 
obtained under basal conditions, during perfusion with amiloride (|iM), and during perfusion 

25 of amiloride plus terbutaline (^M) onto the mucosal surface. Data are firom seven normal 
subjects and nine patients with CF. In patients with CF, (Vt) was more electrically negative 
than in normal subjects (Figure 28B). Amiloride inhibited (Vt) in CF patients, as it did in 
normal subjects. However, Vt failed to hyperpolarize when terbutaline was perfused onto the 
epithelium in the presence of amiloride. Instead, (Vt) either did not change or became less 

30 negative, a result very different from that observed in normal subjects; 

Figures 29A and 29B show transq)ithelial voltage (Vt) across the nasal epithelium of 
a third patient before (Figure 29A) and after (Figure 29B) administration of approximately 
25 MOI of Ad2/CFTR-1 . Amiloride and terbutaline were perfused onto the mucosal surface 
35 beginning at the times indicated. Figure 29A shows an example from the third patient before 
treatment. Figure 29B shows that in contrast to the response before Ad2/CFTR-1 was 
applied, after virus replication, in the presence of amiloride, t^butaline stimulated Vt; 
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Figures 30A-30F show the time of course changes in transepithelial electrical 
properties before and after administration of Ad2/CFTR-1 . Figures 30A and 30B axe from 
the first patient who received iqqnoximately I MOI; Figures 30C and 30D are from the 
second patient who received apjTOximately 3 MOI; and Figures 30E and 30F are fit)mthe 
5 third patient who received approximately 25 MOI. Figures 30A, 30C, and 30E show values 
of basal transeptithelial voltage (Vt) and Figures 30B, 30D, and 30F show the change in 
transepithelial voltage (AV^) following perfusion of terbutaline in the presence of amiloride. 
Day zero indicates the day of Ad2/CFTR-1 administration. Figures 30A, 30C, and 30E show 
the time course of changes in basal for all three patients. The decrease in basal Vt 
1 0 suggests that q)plication of Ad2/CFTR-1 corrected the CF electrolyte transport defect in 
nasal epithelium of all three patients. Additional evidence came from an examination of the 
response to terbutaline. Figures 30B» 30D, and 30F show the time course of the response. 
These data indicate that Ad2/CFTR-1 corrected the CF defect in CI' transport; 

IS Figure 3 1 shows the time course of changes in transepithelial electrical properties 

before and after administration of saline instead of Ad2/CFTR*1 to CF patients. Day zero 
indicates the time of mock administration. The top graph shows basal transepithelial voltage 
(Vt) and the bottom graph shows the change in transepithelial voltage following perfusion ^ 
with terbutaline in the presrace of amiloride (AVt). Closed symbols are data from two 

20 patients that received local anesthetic/vasoconstriction and placement of the applicator for 
thirty minirtes. Open symbol is data from a patient that received local 
anesthetic/vasoconstriction, but not placement of the applicator. Symptomatic changes and 
physical findings were the same as those observed in CF patients treated with a similar 
administration procedure and Ad2/CFTR- 1 ; 

25 

Figure 32 shows a map of the second graeration adenovirus based vector, PAV; 

Figure 33 shows the plasmid construction of a second generation adenoviral vector 6 
(AdE4 0RF6); 

30 

Figure 34 is a schematic of Ad2-ORF6/PGK-CFTR which differs from Ad2/CFTR in 
that the latter utilized the endogenous Ela promoter, had no poly A addition signal directly 
downstream of CFTR and retained an intact E4 region; 

3S Figure 35 shows short-circuit currents from human CF nasal polyp epithelial cells 

infected with Ad2-ORF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. At the indicated 
times: (1) 10 ^iM amiloride, (2) cAMP agonists (10 ^M forskolin and 100 jiM IBMX, and (3) 
1 mM diphenylamine-2-carboxylate were added to the mucosal solution; 
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Figures 36A-36D show immunocytochemistry of nasal bnishings by laser scanning 
microscopy of the Rhesus monkey C, before infection (36A) and on 7 days (36B); 24 (36C); 
and 38 (36D) after the first infection wi& Ad2-ORF6/PGK-CF'ER4 

Figures 37A-37D show immunocytochemistry of nasal brusliings by laser scanning 
microscopy of Rhesus monkey D, before infection (37A) and on days 7 (37B); 24 (37C); and 
48 (37D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 38A-38D show immimocytochemistry of nasal brushings by laser scaiming 
microscopy of the Rhesus monkey E, before infection (38A) and on days 7 (38B); 24 (38C); 
and 48 (38D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 39A-39C show summaries of the clinical signs (or lack thereof) of infection 
with Ad2.0RF6/PGK-CFTR; 

Figures 40A-40C shows a summary of blood counts, sedimentation rate, and clinical 
chemistries afto: infection with Ad2-ORF6/PGK-CFTR for monkeys C, D, and E. There was 
no evidence of a systemic inflammatory response or other abnormalities of the clinical 
chemistries; 

Figure 41 shows summaries of white blood cells counts in monkeys C, D, and E after 
infection with Ad2-ORF6/PGK-CFTR. These date indictate that the administration of Ad2- 
0RF6/PGK-CFTR caused no change in the distribution and number of inflammatory cells at 
any of the time points following viral administration; 

Figure 42 shows histology of submucosal biopsy performed on Rhesus monkey C on 
day 4 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 43 shows histology of submucosal biopsy performed on Rhesus monkey D on 
day 1 1 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 44 shows histology of submucosal biopsy performed on Rhesus monkey E on 
day 1 8 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; and 
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Figures 45A-45C show antibody titers to adenovinis prior to and after the first and second 
administrations of Ad2-ORF6/PGK-CFTR. Prior to administration of Ad2-ORF6/PGK- 
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CFTR, the monkeys had received instillations of Ad2/CFrR-l . Antibody titers measured by 
ELISA rose within one week after the first and second administrations of Ad2-ORF6/PGK- 
CFTR. Serum neutralizing antibodies also rose within a week after viral administration and 
peaked at day 24. No anti-adenoviral antibodies were detected by ELISA or neutralizing 
assay in nasal washings of any of the monkeys. 

PrtaiM Dcacription and Best Mode 

Gmc Therapy 

As used herein, the phrase '^gene therq>y'* refers to the transfer of genetic material 
(e.g., DNA or RNA) of interest into a host to treat or prevent a genetic or acquired disease or 
condition. The genetic material of interest encodes a product (e.g., a protein polypeptide, 
peptide or ftmctional RNA) whose production in vivo is desired. For example, the genetic 
material of interest can encode a hormone, receptor, esayme or (poly) peptide of therapeutic 
value. Examples ofgenetic material of interest include DNA encoding: the cystic fibrosis 
transmembrane regulator (CFTR), Factor Vm, low density lipopnotein receptor, beta- 
galactosidase, alpha-galaetosidase, betarglucocerebrosidase* insulin, parathyroid hormone, 
and alpha- 1 -antitrypsin. 

Although the potential for gene therapy to treat genetic diseases has been appreciated 
for many years, it is only recently that such approaches have become practical with the 
treatment of two patients with adenosine deamidase deficiency. The protocol consists of 
removing lymphocytes bom the patients, stimulating them to grow in tissue culture, infecting 
them with an appropriately engineered retrovirus followed by reintroduction of the cells into 
the patient (Kantofif, P. et al. (1987) J. £cp. Med 166:219). Initial results of treatment are 
very encouraging. With the approval of a number of other human gene therapy protocols for 
limited clinical use, and with the demonstration of the feasibility of complementing the CF 
defect by gene transfer, gene thempy for CF appears a very viable option. 

The concept of gene replacement therapy for cystic fibrosis is very simple; a 
preparation of CFTR coding sequences in some suitable vector in a viral or other carrier 
delivered directly to the airways of CF patients. Since disease of the pulmonary airways is 
the major cause of morbidity and is responsible for 95% of mortality, airway epithelial cells 
are preferred target cells for CF gene therapy. The first generation of CF gene fterapy is 
likely to be transient and to require repeated delivery to the airways. Eventually, however, 
gene therapy may offer a cure for CF when the identity of the precursor or stem cell to air 
epithelial cells becomes known. If DNA were incorporated into airway stem cells, all 
subsequent generations of such cells would make authentic CFTR from the integrated 
sequences and would correct the physiological defect almost irrespective of the biochemical 
basis of the action of CFTR. 
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Altbough simple in concept, scientific and clinical problems face approaches to gene 
therapy, not least of these being that CF requires an in vivo approach vMle all gene therapy 
treatments in humans to date have involved ex vivo treatment of cells taken from the patient 
followed by reintroduction. 
5 One major obstacle to be overcome before gene therapy becomes a viable treatment 

approach for CF is the development of appropriate vectors to infect tissue manifesting the 
disease and deliver the therapeutic CFTR gene. Since viruses have evolved very efiRcient 
means to introduce their nucleic acid into cells, many approaches to gene therapy make use of 
engineered defective viruses. However, the use of viruses in vivo raises safety concerns. 
1 0 Although potentially safer, the use of simple DNA plasmid constructs containing minimal 
additional DNA, on the oth^ hand, is often very inefficient and can result in transient protein 
expression. 

The integration of introduced DNA into the host chromosome has advantages in that 
such DNA will be passed to daughter cells. In some circumstances, integrated DNA may 

1 S also lead to high or more sustained expression. However, integration often, perhaps always, 
requires cellular DNA replication in order to occur. This is certainly the case with the present 
generation of retroviruses. This liniits the use of such viruses to circunstances where cell 
division occurs in a high proportion of cells. For cells cultured in vitro^ this is seldom a 
problem, however, the cells of Ae aurway are reported to divide only infrequently 

20 (Kawanami, O. et al. (1979) An. Rev. Respir. Dis. 120:595). The use of retroviruses in CF 
will probably require damaging the airways (by agents such as SO2 or O3) to induce cell 
division. This may prove impracticable in CF patients. 

Even if efficient DNA integration could be achieved using viruses, the hxmian genome 
contains elements involved in the regulation of cellular growth only a small fraction of which 

25 are presently identified. By integrating adjacent to an element such as a proto-oncogene or an 
anti-oncogene, activation or inactivation of that element could occur leading to imcontroUed 
growth of the altered cell. It is considered likely that several such activation/inactivation 
steps are usually required in any one cell to induce uncontrolled proliferation (R. A. Weinberg 
(1989) Cancer Research 49:3713 ), which may reduce somewhat the potential risk. On the 

30 other hand, insertional mutagenesis leading to tumor formation is certainly known in animals 
with some nondefective retroviruses (R.A. Weinberg, supra; Payne, G.S. et al. (1982) Nature 
295:209), and the large nimibers of potential integrations occurring during the lifetime of a 
patient treated repeatedly in vivo with retroviruses must raise concerns on the safety of such a 
procedure. 

35 In addition to the potential problems associated with viral DNA integration, a number 

of additional safety issues arise. Many patients may have preexisting antibodies to some of 
the viruses that are candidates for vectors, for example, adenoviruses. In addition, repeated 
use of such vectors might induce an immune response. The use of defective viral vectors 
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may alleviate this problem somewhat, because the vec ors will not lead to productive viral 
life cycles generating infected cells, cell lysis or large aumbers of progeny viruses. 

Other issues associated with the use of viruses axe the possibiUty of recombination 
with related viruses naturally infecting the treated patient, complementation of the viral 
5 defects by simultaneous expression of wild type virus proteins and containment of aerosols of 
the engineered viruses. 

Gene therapy approaches to CF will face many of the same clinical challenges at 
protein therapy. These include the inaccessibility of airway epithelium caused by mucus 
build-iq) and the hostile nature of the environment in CF airways vAnch may inactivate 
10 viruses/vectors. Elements of the vector carriers may be immunogenic and introduction of the 
DNA may be inefficient. These problems, as with protein therq>y, are exacerbated by the 
absence of a good animal model for the disease nor a simple clinical end point to measure the 
efficacy of treatment 

IS CF Gene Therapy Vectors - Possible Options 

Retroviruses - Although defective retrovunses are the best characterized system and 
so fiair the only one approved for use in human gene therapy (Miller, A.D. (1990) Blood 
76:271), the major issue in relation to CF is the requirement for dividing cells to achieve 
20 DNA integration and gene expression. Were conditions found to induce airway cell division, 
the in vivo application of retroviruses, especially if repeated over many years, would 
necessitate assessment of the safety aspects of insertional mutagenesis in this context. 

Adeno-Ass^ciated Vims - (AAV) is a naturally occurring defective virus that requires 
25 other viruses such as adenoviruses or herpes viruses as helper viruses(Muzyczka, N. (1 992) in 
Current Topics in Microbiology and Immunology 1 58:97). It is also one of the few viruses 
that may integrate its DNA into non-dividing cells, although this is not yet certain. Vectors 
containing as litde as 300 base pairs of AAV can be packaged and can integrate, but space for 
exogenous DNA is limited to about 4.5 kb. CFTR DNA may be towards the upper limit of 
30 packaging. Furthermore, the packaging process itself is presently inefficient and safety issues 
such as immunogenecity, complementation and containment will also apply to AAV. 
Nevertheless, this system is sufficientiy promising to warrant further study. 

Pla5miid DNA - Naked plasmid can be introduced into muscle cells by injection into 
35 the tissue. Expression can extend over many months but the number of positive cells is low 
(Wolff, J. et al. (1989) Science 247:1465). Cationic lipids aid introduction of DNA into some 
cells in culture (Feigner, P. and Ringold, G.M. (1989) Nature 337:387). Injection of cationic 
lipid plasmid DNA complexes into the circulation of mice has been shown to result in 
expression of the DNA in lung (Brigham, K. et al. (1989) Am. 1 Med Set 298:278). 
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Instillation of cationic lipid plasmid DNA into lung also leads to expression in epithelial cells 
but the efficiency of expression is relatively low and transient (Hazinsld, T.A. et al. (1991) 
Am. J. Respir,, Cell Mol Biol 4:206). One advantage of the use of plasmid DNA is that it 
can be introduced into non-replicating cells. However, the use of plasmid DNA in the CF 
S airway environment, which already contains high concentrations of endogenous DNA may be 
problematic. 



Receptor Mediated Entry - In an effort to improve the efficiency of plasmid DNA 
uptake, attempts have been made to utilize receptor-mediated endocytosis as an entry 

10 mechanisms and to protect DNA in complexes with polylysine (Wu, G. and Wu, C.H. (1988) 
•Z Biol Chenu 263:14621). One potential problem with this approach is that the incoming 
plasmid DNA enters the pathway leading firom endosome to lysosome, where much incoming 
material is degraded One solution to this problem is the use of transferrin DNA-polylysine 
complexes linked to adenovirus capsids (Curiel, D.T. et al. (1991) Proc. NatL Acad ScL USA 

IS 88:8850). The latter enter efficiently but have the added advantage of naturally disrupting the 
endosome thereby avoiding shuttling to the lysosome. This approach has promise but at 
present is relatively transient and suffers fix>m the same potential problems of 
immunogenicity as other adenovirus based methods. 

20 Adenovirus - Defective adenoviruses at present appear to be a promising approach to 

CF gene therapy (Berkner, K.L. (1988) BioTechnigues 6:616). Adenovirus can be 
manipulated such that it encodes and expresses the desired gene product, (e.g., CFTR), and at 
the same time is inactivated in terms of its ability to replicate in a normal lytic viral life cycle. 
In addition, adenovirus has a natural tropism for airway epi^lia. The viruses are able to 

25 infect quiescent cells as are found in the airways, offering a major advantage over 

retroviruses. Adenovirus expression is achieved without integration of the viral DNA into the 
host cell chromosome, thereby alleviating concerns about insertional mutagenesis. 
Furthermore, adenoviruses have been used as live enteric vaccines for many years with an 
excellent safety profile (Schwartz, A.R. et al. (\974) Am. Rev. Respir. Dis. 109:233-238). 

30 Finally, adenovirus mediated gene transfer has been demonstrated in a number of instances 
including transfer of alpha-l-antitrypsin and CFTR to the lungs of cotton rats (Rosenfeld, 
M.A. et al. (1991) Science 252:431-434; Rosenfeld et al., (1992) Cell 68:143-155). 
Furthermore, extensive studies to attempt to establish adenovirus as a causative agent in 
human cancer were uniformly negative (Green, M. et al. (1979) Proc. NatL Acad. ScL USA 

35 76:6606). 

The following properties would be desirable in the design of an adenovirus vector to 
transfer the gene for CFTR to the airway cells of a CF patient The vector should allow 
sufficient expression of the CFTR, while producing minimal viral gene expression. There 
should be minimal viral DNA replication and ideally no virus replication. Finally, 
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lecombination to produce new viral sequences and complementation to allow growth of the 
defective virus in the patient should be minimized. A first generation adenovirus vector 
encoding CFTR (Ad2/CFTR), made as described in the following Example 7, achieves most 
of these goals and was used in the human trials described in Example 10. 
S Figure 14 shows a map of Ad2/CFTR-1 . As can be seen from the figure, this first . 

generation virus includes viral DNA derived from the common relatively benign adenovirus 2 
serotype. The Ela and Elb regions of the viral genome^ which are involved in early stages of 
viral replication have been deleted. Their removal impairs viral gene expression and viral 
replication. The protein products of these genes also have inunortalizuig and transforming 

1 0 function in some non-permissive cells. 

The CFTR coding sequence is inserted into the viral genome in place of the Ela/Elb 
region and transcription of the CFTR sequence is driven by the endogenous Ela promoter. 
This is a moderately strong promoter that is fimctional in a variety of cells. In contrast to 
some adenovirus vectors (Rosenfeld, M. et al. (1992) Cell 68:143), this adenovirus retains 

IS the E3 viral coding region. As a consequence of the inclusion of E3, the length of the 

adenovirus-CFTR DNA is greater than that of the wild-type adenovirus. The greater length 
of the recombinant viral DNA renders it more difficult to package. This means that the 
growth of the Ad2/CFTR virus is impaired even in pennissi ve cells that provide the missing 
Ela and Elb functions. 

20 The E3 region of the Ad2/CFTR-1 encodes a variety of proteins. One of these 

proteins, gpl9, is believed to interact with and prevent presentation of class 1 proteins of the 
major histocompatability complex (MHC) (Gooding, C.R. and Wold, W.S.M. (1990) Crit 
Rev. Immunol. 10:53). This property prevents recognition of the mfected cells and thus may 
allow viral latency. The presence of E3 sequences, therefore, has two useful attributes; first, 

25 the large size of the viral DNA renders it doubly defective for replication (i.e., it lacks early 
functions and is packaged poorly) and second, the absence of MHC presentation could be 
usefid in later applications of Ad2/CFTR-1 in gene therapy involving multiple 
administrations because it may avoid an immune response to recombinant virus containing 
cells. 

. 30 Not only are there advantages associated with the presence of E3 ; there may be 

disadvantages associated vnih its absence. Studies of E3 deleted virus in animals have 
suggested that th^ result in a more severe pathology (Gingsberg, H.S. et al. (1989) Proc. 
Natl. Acad Set (USA) 86:3823). Furthermore, E3 deleted virus, such as might be obtained 
by recombination of an El plus E3 deleted virus with wild-type virus, is reported to outgrow 
35 wild-type in tissue culture (Barimer, K.L. and Sharp, P. (1 983) Nucleic Acids Research 
1 1 :6003). By contrast, however, a recent report of an E3 replacement vector encoding 
hepatitis B surface antigen, suggests that when delivered as a live enteric vaccine, such a 
virus replicates poorly in human compared to wild-type. 
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The adenovirus vector.(Ad2/CFTR-l) and a related vims encoding the marker P- 
galactosidase (Ad2/p-gal) have been constructed and grown in human 293 cells. These cells 
contain the El region of adenovirus and constitutively express Ela and Elb, which 
complement the defective adenoviruses by providing the products of the genes deleted from 
5 the vector. Because the size of its genome is greater than that of wild-type virus, Ad2/CFTR 
is relatively difficult to produce. 

The Ad2/CFTR-1 virus has been shown to encode CFFR by demonstrating the 
presence oftfae protein in 293 cells. The Ad2/p-gal virus was shown to produce its protein in 
a variety of cell lines grown in tissue culture including a monkey bronchiolar cellline 
1 0 (4MBR-S), primary hamster tracheal epithelial cells, human HeLa, hxmian CF P AC cells (see 
Example 8) and airway epithelial cells from CF patients (Rich, O. et al. (1990) Nature 
347:358). 

Ad2/CFTR-1 is constructed from adenovirus 2 (Ad2) DNA sequences. Other 
varieties of adenovirus (e.g., Ad3, AdS, and Ad?) may also prove useful as gene therapy 
IS vectors. This may prove essential if immune response against a single serotype reduces the 
effectiveness of the tfaenqiy . 

Sftoond Generation Adgnoviral Vectors 

Adenoviral vectors currently in use retain most (> 80%) of the parental viral genetic 
20 material leaving their safety imtested and in doubt Second-generation vector systems 
containing minimal adenoviral regulatory, packaging and replication sequences have 
therefore been developed. 

Pseudo-Adenovinis Vectors (PAV^ -PAVa contain adenovirus inverted terminal 
25 repeats and the minimal adenovirus S' sequences required for helper virus dependent 

replication and packaging of the vector. These vectors contain no potentially harmful viral 
genes, have a theoretical capacity for foreign material of nearly 36 kb, may be produced in 
reasonably high titers and maintain the tropism of the parent virus for dividing and non- 
dividing htunan target cell types. 
30 The PAY vector can be maintained as either a plasmid-bome construct or as an 

infectious viral particle. As a plasmid construct, PAV is composed of the mininud sequences 
from wUd type adenovirus type 2 necessary for efficient replication and packagmg of these 
sequences and any desired additional exogenous genetic material, by either a wild-type or 
defective helper virus. 

35 Specifically, PAV contains adenovirus 2 (Ad2) sequences as shown in Figure 1 7, 

from nucleotide (nt) 0-356 forming the 5' end of the vector and the last 109 nt of Ad2 
forming the 3* end of the construct The sequences includes the Ad2 flanking inverted 
terminal repeats (SITR) and the 5* ITR adjoining sequences containing the known packaging 
signal and Ela enhancer. Various convenient restriction sites have been incorporated into the 
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fragments, allowing the insertion of promoter/gene cassettes vMch can be packaged in the 
PAV virion and used for gene transfer (e.g. for gene therapy). The construction and 
propagation of PAV is described in detail in the following Example 1 1. By not containing 
most native adenoviral DNA, the PAVs described herein are less likely to produce a patient 
5 immune reponse or to replicate in a host. 

In addition, the PAV vectors can accomodate foreign DNA \q> to a maYimiim length 
of nearly 36 kb. The PAV vectors therefore, are especially useful for cloning larger gen^ 
(e.g., CFTR (7.5 kb)); Factor Vm (8 kb); Factor DC (9 kb)), which, traditional vectors have 
difScuhy accomodating. In addition, PAV vectors can be used to transfer more than one 
1 0 gene, or more than one copy of a particular gene. For example, for gene therapy of cystic 
fibrosis, PAVs can be used to deliver CFTR in conjunction with other genes such as anti 
proteases (e.g., antiprotease alpha-1 -antitrypsin) tissue inhibitor of metaloproteinase, 
antioxidants (e.g., superoxide dismutase), enhancers of local host defense (e.g., interferons), 
mucolytics (e.g., DNase); and proteins which block inflammatoiy cytokines. 

15 

Ad2-E4/QRF6 Adenovirus Vectors 

An adenoviral construct expressing only the open reading fiame 6 (ORF6) of 
adenoviral early region 4 (E4) fiom the E4 promoter and which is deleted for all other known 
E4 open reading fi^mes was constructed as described in detail in Example 12. Expression of 

20 E4 open reading firame 3 is also sufficient to provide E4 functions required for DNA 

replication and late protein synthesis. However, it provides these functions with reduced 
efiiciency compared to expression of 0RF6, ^^ch will likely result in lower levels of virus 
production. Therefore expressing ORF6, rather than ORF3, appears to be a better choice for 
producing recombinant adenovirus vectors. 

25 The E4 region of adenovirus is suspected to have a role in viral DNA replication, late 

mRNA synthesis and host protein synthesis shut off, as well as in viral assembly (Falgout, B. 
and G. Ketner (1987) J. Virol. 61:3759-3768). Adenovirus early region 4 is required for 
efficient virus particle assembly. Adenovirus early region 4 encodes functions required for 
efScient DNA replication, late gene expression, and host cell shutoff. Halbert, D.N. et al. 
. 30 (1985) y. Wro/. 56:250-257. 

The deletion of non-essential open reading fiames of E4 increases the clonmg 
cq>acity of recombinant adenovirus vectors by approximately 2 kb of insert DNA without 
significantly reducing the viability of the virus in cell culture. When placed in combination 
with deletions in the El and/or E3 regions of adenovirus vectors, the theoretical insert 

35 capacity of the resultant vectors is increased to 8-9 kb. An example of where this increased 
cloning capacity may prove useful is in the development of a gene therapy vector encoding 
CFTR. As described above, the first generation adenoviral vector approaches the maximum 
packaging capacity for viral DNA encapsidation. As a result, this virus grows poorly and 
may occassionaly give rise to defective progeny. Including an E4 deletion in the adenovirus 
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vector should alleviate these problems. In addition, it allows flexibility in the choice of 
promoters to drive CFTR expression from the virus. For example, strong promoters such as 
the adenovirus major late promoter, the cytomegalovirus immediate early promoter or a 
cellular promoter such as the CFTR promoter, which may be too large for first-generation 
5 adenovirus can be used to drive expression. 

In addition, by expressing only ORF6 of E4, these second generation adenoviral 
vectors may be safer for use in gene thoapy. Although ORF6 expression is sufficient for 
viral DNA replication and late protein synthesis m immortalized cells, it has been suggested 
that ORF6/7 of E4 may also be required in non-dividing primary cells (Hemstrom, C. et al. 

10 (1991) J, Virol 65:1440-1449). The 19 kD protein produced from open reading frame 6 and 
7 (ORF6/7) complexes with and activates cellular transcription factor E2F, which is required 
for maximal activation of early region 2. Early region 2 encodes proteins required for viral 
DNA replication. Activated transcription factor E2F is present in proliferating cells and is 
involved in the expression of genes required for cell proliferation (e.g., DHFR, c-myc), 

15 whereas activated E2F is present in lower levels in non-proliferating cells. Therefore, the 
expression of only ORF6 of E4 should allow the virus to replicate normally in tissue culture 
ceUs (e.g., 293 cells), but the absence of ORF6/7 would prevent the potential activation of 
transcription factor E2F in non-dividing primary celUs and thereby reduce the potential for 
viral DNA replication. 

20 

Targgt Tisg^g 

Because 95% of CF patients die of lung disease, the lung is a preferred target for gene 
therapy. The hallmark abnormality of the disease is defective electroljrte transport by the 
epithelial cells that line the airways. Numerous investigators (reviewed in Quinton, F. (1990) 

25 FASEB J. 4:2709) have observed: a) a complete loss of cAMP-mediated transepithelial 
chloride secretion, and b) a two to three fold increase in the rate of Na+ absorption. cAMP- 
stimulated chloride secretion requires a chloride channel in the apical membrane (Welsh, M.J. 
{\9%1) Physiol Rev, 67:1143-1184). The discovery that CFTR is a phosphorylation-regulated 
chloride channel and that the properties of the CFTR chloride channel are the same as those 

30 of the chloride channels in the apical membrane, indicate that CFTR itself mediates 

transepithelial chloride secretion. This conclusion was supported by studies localizing CFTR 
in lung tissue: CFTR is located in tiie ^icai membrane of auivay epithelial cells (Denning, 
G.M. et al. (1992) J! Cell Biol 1 18:551) and has been reported to be present in the 
submucosal glands (Taussig et al,, (1973) J. Clin, Invest 89:339). As a consequence of loss 

35 of CFTR function, there is a loss of cAMP-regulated transepithelial chloride secretion. At 
this time it is uncertain how dysfunction of CFTR produces an increase in the rate of Na+ 
absorption. However, it is thought that the defective chloride secretion and increased Na+ 
absorption lead to an alteration of the respiratory tract fluid and hence, to defective 
mucociliary clearaiice, a normal pulmonary defense mechanism. As a result, clearance of 
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inhaled material from the lung is impaired and repeated infections ensue. Although the 
presumed abnormalities in respiratory tract fluid and mucociliary clearance provide a 
plausible explanation for the disease, a precise understanding of the pathogenesis is still 
lacking. 

5 Correction of the genetic defect in the airway epithelial cells is likely to reverse the 

CF pulmonary phenotype. The identity of the specific cells in the airway epithelium that 
express CFTR caimot be accurately determined by immunocytochemical means, because of ^ 
the low abundance of protein. However, functional studies suggest that the ciliated epithelial 
cells and perbi^ nondliated cells of the surface epithelium are among the main cell types 

1 0 involved in electrolyte transport Thus, in practical terms, the present prefened target cell for 
gene therapy would appear to be the mature cells that line the pulmonary airways. These are 
not rapidly dividing cells; rather, most of them are nonproliferatmg and many may be 
terminally differentiated. The identification of the progenitor cells in the airway is uncertain. 
Although CFTR may also be present in submucosal glands (Trezise, A.E. and Buchwald, M. 

15 (1991) Nature 353:434; Englehardt, J.F. et al. (1992) J, Clin Invest 90:2598-2607), there is 
no data as to its function at that site; furthermore, such glands appear to be relatively 
inaccessible. 

The airway epithelium provides two main advantages for gene therapy. First, access 
to the airway epithelium can be relatively noninvasive. This is a significant advantage in the 
20 development of delivery strategies and it will allow investigators to monitor the therapeutic 
response. Second, the epithelium forms a barrier between the airway limien and the 
interstitium. Thus, application of the vector to the lumen will allow access to the target cell 
yet, at least to some extent, limit movement through the epithelial barrier to the interstitium 
and fix>m there to the rest of tiie body. 

25 

EfFiciencv of Gene Delivery Required to Conrect The Crenetic Defect 

It is unlikely that any gene therapy protocol will correct 100% of the cells that 
normally express CFTR. However, several observations suggest that correction of a small 
percent of the involved cells or expression of a fraction of the normal amount of CFTR may 
.30 be of therapeutic benefit 

a. CF is an autosomal recessive disease and heterozygotes have no lung disease. 
Thus, 50% of wild-type CFTR would appear sufficient for normal function. 

35 b. This issue was tested in mixing experiments using CF cells and recombinant 

CF cells expressmg wild-type CFTR (Johnson, L.G. et al. (1992) Nature Gen 2:21). The 
data obtained showed that when an epithelium is reconstituted with as few as 6-10% of 
corrected cells, chloride secretion is comparable to that observed with an epithelixmi 
containing 1 00% corrected cells. Although CFTR expression in the recombinant cells is 
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probably higher than in normal cells, this resiilt suggests that in vivo correction of all CF 
airway cells may not be required. 

c. Recent observations show that CFTR containing some CF-associated 
5 mutations retains residual chloride channel activity (Sheppard, D.N. et al. (1992) Pediatr, 
Pulmon Suppl 8:250; Strong, T.V. et al. (1991) K Eng. J, Med 325:1630). These mutations 
are associated with mild lung disease. Thus, even a very low level of CFTR activity may at 
least partly ameliorate the electrolyte transport abnormalities. 

10 d. As indicated in e^qieriments described below in Example 8, complrairatation 

of CF epithelia, under conditions that probably would not cause e}q>ression of CFTR in every 
cell, restored cAMP stimulated chloride secretion. 

e. Levels of CFTR in normal human airway epithelia are very low and are barely 
1 5 detectable. It has not been detected using routine biochemical techniques such as 

immunoprecipitation or immunoblotting and has been exceedingly difficult to detect with 
immunocytochemical techniques (Denning, G.M. et al. (1992) J. Cell Biol 1 18:551). 
Although CFTR has been detected in some cases using laser-scanning confocal microscopy, 
the signal is at the limits of detection and cannot be detected above background in every case. 
20 Despite that minimal levels of CFTR, this small amount is sufficient to generate substantial 
cAMP-stimulated chloride secretion. The reason that a very small number of CFTR chloride 
chaimels can support a large chloride secretory rate is that a large number of ions can pass 
through a single channel (10^-10^ ions/sec) (Hille, B. (1984) Sinauer Assoc. Inc., 
Sunderland, MA 420-426). 

25 

f . Previous studies using quantitative PCR have reported that the airway 
epithelial cells contain at most one to two transcripts per cell (Trapnell, B.C. et al. (1991) 
Proc, Natl Acad Set USA 88:6565). 

, 30 Gene therapy for CF would appear to have a wide therapeutic index. Just as partial 

expression may be of therapeutic value, overexpression of wild-type CFTR appears unlikely 
to cause significant problems. This conclusion is based on both theoretical considerations 
and experimental results. Because CFTR is a regulated channel, and because it has a specific 
function in epithelia, it is unlikely that overexpression of CFTR will lead to uncontrolled 
35 chloride secretion. First, secretion would require activation of CFTR by cAMP-dependent 
phosphorylation. Activation of this kinase is a highly regulated process. Second, even if 
CFTR chloride channels open in the apical membrane, secretion will not ensue without 
regulation of the basolateral membrane transporters that are required for chloride to enter the 
cell from the interstitial space. At the basolateral membrane, the sodium-potassium-chloride 
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cotranspcnter and potassium channels serve as important regulators of transeptihelial 
secretion (Welsh, MJ. (19S7) Physiol, Rev. 67:1143-1184). 

Human CFTR has been expressed in transgenic mice under the control of the 
surfactant protein C(SPC) gene promoter (Whitesett, J.A. et al. (1992) Nature Gen 2:13) and 
5 the casern promoter (Ditullio, P. et al (1992) Bio/Technology 10:74 ). In those mice, CFTR 
was overexpressed in bronchiolar and alveolar epithelial cells and in the mammary glands, 
respectively. Yet despite the massive overexpression in the transgenic animals, there were no 
observable morphologic or functional abnormalities. In addition, e^qxression of CFTR in the 
lungs of cotton rats produced no reported abnormalities (Rosenfeld, MA. et al. (1992) Cell 
10 68:143-155). 

The present invention is further illustrated by the following examples ^ch in no 
way should be construed as being further limiting. The contents of all cited references 
(including literature references, issued patents, published patent applications, and co-pending 
patent applications) cited throughout this application are hereby expressly incorporated by 
15 reference. 

EXAMPLES 

Example 1 - Generation of Full Lenyth CFTR cDNAs 

20 Nearly all of the commonly used DN A cloning vectors are based on plasmids 

containing modified pMBl replication origins and are present at up to 500 to 700 copies per 
cell (Sambrook et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Laboratory Press 1 989). The partial CFTR cDNA clones isolated by Riordan et al. were 
maintained in such a plasmid. It was postulated that an alternative theory to intrinsic clone 

25 instability to explain the apparent inability to recover clones encoding full length CFTR 
protein using high copy number plasmids, was that it was not possible to clone large 
segments of the CFTR cDNA at high gene dosage in E. colL Expression of the CFTR or 
portions of the CFTR fix>m regulatory sequences capable of dkecting transcription and/or 
translation in the bacterial host cell might result in inviability of the host cell due to toxicity 

30 of the transcript or of the full length CFTR protein or fiagments thereof. This inadvertent 
gene expression cotild occur from either plasmid regulatory sequences or cryptic regulatory 
sequences within the recombinant CFTR plasmid ^ch are citable of functioning in E, colL 
Toxic expression of the CFTR coding sequences would be gready compounded if a large 
number of copies of the CFTR cDNA were present in cells because a high copy number 

35 plasmid was used. If the product was indeed toxic as postulated, the growth of cells 

containing fiill length and correct sequence would be actively disfavored. Based upon this 
novel hypothesis, the following procedures were imdertaken. With reference to Figure 2, 
partial CFTR clone T16-4.5 was cleaved with restricdon enzymes Sph 1 and Pst 1 and the 
resulting 3.9 kb restriction fragment containing exons 1 1 through most of exon 24 (including 
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an unchaiacterized 1 19 bp insertion reported by Riordan et al. between nucleotides 1716 and 
1717), was isolated by agarose gel purification and ligated between the Sph 1 and Pst 1 sites 
of the pMBl based vector pkk223-3 (Brosius and Holy, (1984) Proc, Natl Acad. Set 
51:6929). It was hoped that the pMB 1 origin contained within this plasmid would allow it 
5 and plasmids constructed fit)m it to replicate at 1 5-20 copies per host E, coli cell (Sambrook 
et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 
1 989). The resultant plasmid clone was called pkk-4.S. 

Paitid CFTR clone Til was cleaved with EcQ Bland Hifl^ and the 1.9 kb band 
encoding the first 1786 nucleotides of the CFTR cDNA plus an additional 100 bp of DNA at 

10 the 5' end was isolated by agarose gel purificatioiL This restriction fi:agment was inserted 
between the Esfi Bl site and Snia 1 restriction site of the plamid Bluescript Sk- (Stratagene, 
catalogue number 212206), such that the CFTR sequences were now flanked on the upstream 
(5*) side by a 1 site from the cloning vector. This clone, designated Tl 1-R, was cleaved 
with Sgl 1 and Sjjh 1 and the resultant 1 .8 kb band isolated by agarose gel purification. 

I S Plasmid pkk-4.5 was cleaved with Sal 1 and Sjzh 1 and the large fragment was isolated by 
agarose gel purification. The purified Tl 1-R firagment and pkk-4.S firagments were ligated to 
construct pkk-CFTRl . pkk-CFTRl contains exons 1 through 24 of the CFTR cDNA. It was 
discovered that this plasmid is stably maintained in £ coli cells and confers no measureably 
disadvantiEigeous growth characteristics upon host cells. 

20 pkk-CFTRl contains, between nucleotides 1716 and 1717, the 1 19 bp msert DNA ^ 

derived fix>m partial cDNA clone Tl 6-4.5 described above. In addition, subsequent sequence 
analysis of pkk-CFTRl revealed unreported differences in the coding sequence between that 
portion of CFTRl derived from partial cDNA clone Tl 1 and the published CFTR cDNA 
sequence. These tmdesired differences included a 1 base-pair deletion at position 995 and a 

25 C to T transition at position 1507. 

To complete construction of an intact correct CFTR coding sequence without 
mutations or insertions and with reference to the construction scheme shown in Figure 3, 
pkk-CFTRl was cleaved with Xba I and Hpa I> and dephosphorylated with calf intestinal 
alkaline phosphatase. In addition, to reduce the likelihood of recovering the original clone, 

30 the small imwanted Xha I/Hpa I restriction fragment from pKK-CFTRl was digested with 
SshJ. Tl 6- 1 was cleaved with 2Q2a I and Acc 1 and the 1 . 1 5 kb fragment isolated by agarose 
gel purification. T16-4.5 was cleaved with AC£ I and Upa I and the 0.65 kb band was also 
isolated by agarose gel purification. The two agaxx>se gel purified restriction fragments and 
the dephosphorylated pKK-CFTRl were ligated to produce pKK-CFTR2. Alternatively. 

35 pKK-CFTR2 could have been constructed using corresponding restriction fragments horn the 
partial CFTR cDNA clone Cl-1/5. pKK-CFTR2 contains the uninterrupted CFTR protein 
coding sequence and conferred slow growth upon E. coli host cells in which it was inserted, 
whereas pKK-CFTTll did not. The origin of replication of pKK-CFTR2 is derived from 
pMBl and confers a plasmid copy nimiber of 15-20 copies per host cell. 
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Example 2 - Improving Host Cell Viability 

An additional enhancement of host cell viability was accomplished by a further 
reduction in the copy number of CFTR cDNA per host cell. This was achieved by 
5 transferring the CFTR cDNA into the plasmid vector, pSC-3Z. pSC-3Z was constructed 
using the pSClOl replication origin of the low copy number plasmid pLG338 (Stoker et aL , 
Gene !£, 335 (1 982)) and the ampicillin resistance gene and polylinker of pGEM-3Z 
(available from Promega). pLG338 was cleaved with Sfih I and Eyu U and the 2.8 kb 
fragment containing the replication origin isolated by agarose gel purification. pGEM-3Z 

10 was cleaved with AbKM» the resultant restriction fragment ends treated with T4 DNA 
polymerase and deoxynucleotide triphosphates, cleaved with Sph I and the 1 .9 kb band 
containing the ampicillin resistance gene and the polylinker was isolated by agarose gel 
purification. The pLG338 and pGEM-3Z fragments were Ugated together to produce the low 
. copy number cloning vector pSC-3Z. pSC-3Z and other plasmids containing pSC 1 0 1 origins 

15 of replication are maintained at approximately five copies per cell (Sambrook fit aL supra). 

With additional reference to Figure 4, pKK-CFTR2 was cleaved with £fiQ Est I 
and Sal I and then passed over a Sephaciyl S400 spun column (available from Pharmacia) 
according to the manu&cturer's procedure in order to remove the Sal I to BY restriction 
fragment which was retained within the column. pSC-3Z was digested with Sxna I and £st I 

20 and also passed over a Sephacryl S400 spun column to remove the small Sma l/£st I 

restriction fragment which was retained within the column. The column eluted fractions from 
the pKK-CFTR2 digest and the pSC-3Z digest were mixed and ligated to produce pSC- 
CFTR2. A map of this plasmid is presmted in Figure S. Host cells containing CFTR cDN As 
at this and similar gene dosages grow well and have stably maintained the recombinant 

25 plasmid with the frill length CFTR coding sequence. In addition, this plasmid contains a 
bacteriophage T7 RNA polymerase promoter adjacent to the CFTR coding sequence and is 
therefr>re convenient for in vitro transcription/translation of the CFTR protein. The 
nucleotide sequence of CFTR coding region from pSC-CFTR2 plasmid is presented in 
Sequence Listing 1 as SEQ ID NO:l. Significantly, this sequence differs from the previously 

30 published (Riordan, J.R. et al. (1989) Science 245:1066-1073) CFTR sequence at position 
1990, where there is C in place of the reported A. See (jregory, RJ. et al. (1990) Nature 
347:382-386. E. coli host cells containing pSC-CFTR2, internally identified with the number 
pSC-CFTR2/AGl, have been deposited at the American Type Culture Collection and given 
the accession nimiber: ATCC 68244. 

35 

Example 3 - Alternate Method for Improving Host Cell Viability 

A second method for enhancing host cell viability comprises disruption of the CFTR 
protein coding sequence. For this purpose, a synthetic intron was designed for insertion 
between nucleotides 1716 and 1717 of the CFTR cDNA. This intron is especially 
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advantageous because of its easily manageable size. Furthermore, it is designed to be 
efficiently spliced from CFTR primary RNA transcripts when expressed in eukaryotic cells. 
Four synthetic oligonucleotides were synthesized (1 19SRG, 1 196RG, 1 197RG and 1 198RG) 
collectively extending from the Ssix I cleavage site at position 1 700 to the Hinc Q cleavage 
5 site at position 1785 and including the additional 83 nucleotides between 1716 and 1717 (see 
Figure 6). These oligonucleotides were phosphorylated with T4 polynucleotide kinase as 
described by Sambrook et al., mixed together, heated to 95 ®C for 5 minutes in the same 
buffer used during phosphorylation, and allowed to cool to room temperature over several 
hours to allow annealing of the single stranded oligonucleotides. To insert the synthetic 

1 0 intron into the CFTR coding sequence and with reference to Figures 7A and 7B, a subclone 
of plasmid Tl 1 was made by cleaving the Ssl I site in the polylinker, repairing the recessed 
ends of the cleaved DNA with deoxynucleotide triphosphates and the large fragment of DNA 
Polymerase I and religating the DNA. This plasmid was then digested with £ca BY and ]^ 
I and religated. The resulting plasmid T16-A5* extended fix>m the Hai I site at position 490 of 

15 the CFTR cDNA to the 3' end of clone T16 and contained single sites for Sfih I and HinC II at 
positions corresponding to nucleotides 1700 and 1785 of the CFTR cDNA. T16-A5* plasmid 
was cleaved with Ssh I and Hinc IX and the large fragment was isolated by agarose gel 
purification. The axmealed synthcftic oligonucleotides were ligated into this vector fragment 
to generate T16-intron. 

20 T16-intron was then digested with £cfiRI and Sma I and the large fi»gment was 

isolated by agarose gel purification* Tl 6-4.5 was digested with Eca EI and S£a I and the 790 
bp fingment was also isolated by agarose gel purification. The purified T16-intron and T16- ' 
4.5 fragments were ligated to produce T16-intron-2. T16-intron-2 contains CFTR cDNA 
sequences extending from the Hni I site at position 490 to the I site at position 28 1 8, and 

25 includes the unique Upa I site at position.2463 which is not present in T16-1 or T16-intron-l . 

T-16-intron-2 was then cleaved with Xba l and Hps I and the 1800 bp firagment was 
isolated by agarose gel purification. pKK-CFTRl was digested with 2Q2a I and Hpa I and the 
large fisgment was also isolated by agarose gel purification and ligated with the fi:agment 
derived from T16-intron-2 to yield pKK-CFTR3, shown in Figure 8. The CFTR cDNA 

30 within pKK-CFTR3 is identical to that within pSC-CFTR2 and pKK-CFTR2 except for the 
insertion of the 83 bp intron between nucleotides 1716 and 1717. The insertion of this intron 
resulted in improved growth characteristics for cells harboring pKK-CFTR3 relative to cells 
containing tiie unmodified CFTR cDNA in pKK-CFTR2. 

35 Example 4 - Tn vitro Transcription/Translation 

In addition to sequence analysis, the integrity of the CFTR cDNA open reading frame 
was verified by in vitro transcription/translation. This method also provided the initial CFTR 
protein for identification purposes. 5 micrograms of pSC-CFTR2 plasmid DNA were 
linearized with Sal I and used to direct the synthesis of CFTR RNA transcripts with T7 RNA 
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polymerase as described by the supplier (Stratagene). Hiis transcript was extracted with 
phenol and chloroform and precipitated with ethanol. The transcript was resuspended in 25 
microliters of water and varying amounts were added to a reticulocyte lysate in vitro 
translation system (Promega). The reactions were performed as described by the supplier in 
5 the presence ofcanine pancreatic niicrosomal membranes (Promega), using 3^S*methionine 
to label newly synthesized proteins. In vitro translation products were analysed by 
discontinuous polyacrylamide gel electrophoresis in the presence of 0.1% SDS with 8% 
separating gels (Laemam, U.K. (1970) Nature 227:680-685). Before electrophoresis, the in 
vitro translation reactions were denatured with 3% SDS, 8 M urea and 5% 2-mercaptoethanol 
10 in 0.65 M Tris-HCl, pH 6.8. Following electrophoresis, the gels were fixed in 

methanol:acetic acidiwater (30:10:60), rinsed with water and impregnated with 1 M sodium 
salicylate. ^^S labelled proteins were detected by fluorgn^hy. A band of approximately 180 
kD was detected, consistent with translation of the full iCTgth CFTR insert. 

15 

Bxamplg 5 - Frlimination of Cryptig Regulatory Signals 

Analysis of the DNA sequence of the CFTR has revealed the presence of a potential 
£ coli RNA polyma»se jnomoter between nucleotides 748 and 778 vdiich conforms well to 
the derived consensus seqiience for £ coli promoters (Reznikoff and McClure, Maximizing 

20 Gene Expression, 1, Butterworth Publishers, Stoneham, MA). If this sequence functions as a 
promoter functions in £. coli, it could direct synthesis of potentially toxic partial CFTR 
polypeptides. Thus, an additional advantageous procedure for maintaining plasmids 
containing CFTR cDNAs in Kcoli would be to alter the sequence of this potential promoter 
such that it will not function in £. colL This may be accomplished without altering the amino 

25 acid sequence encoded by the CFTR cDNA. Specifically, plasmids containing complete or 
partial CFTR cDNA's would be altered by site-directed mutagenesis using synthetic 
olignucleotides (Zoller and Smith, (1983) Methods EnzymoL JilQ:468 ). More specifically, 
altering the nucleotide sequence at position 908 fi-om a T to C and at position 774 from an A 
to a G effectively eliminates the activity of this promoter sequence without altering the amino 

30 acid coding potential of the CFTR open reading firame. Other potential regulatory signals 

within the CFTR cDN A for transcription and translation could also be advantageously altered 
and/or deleted by the same method. 

Futher analysis has identified a sequence extending fsom nucleotide 908 to 936 which 
functions efficiently as a transcriptional promoter element in £. coli (Gregory, R.J. et al. 

35 (1990) Nature 347:382-386). Mxitation at position 936 is capable of inactivating this 
promoter and allowing the CFTR cDNA to be stably maintained as a plasmid in £ coli 
(Cheng, S.H. et al. (1990) Cell 63:827-834). Specifically position 936 has been altered from 
a C to a T residue without the amino acid sequence encoded by the cDNA being altered. 
Other mutations within this regulatory element described in Gregory, R.J. et al. (1990) 
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Nature 347:382-386 could also be used to inactivate the transcriptional promoter activity. 
Specifically, the sequence from 908 to 913 (TTGTGA) and from 931 to 936 (GAAAAT) 
could be altered by site directed mutagenesis without altering the amino acid sequence 
encoded by the cDN A. 

5 

Example 6 - Cloning of CFTR in Alternate Host Systems 

Although the CFTR cDN A displays apparent toxicity in E. coli cells, other types of 
host cells nmy not be affected in this way. Alternative host systems in vdiich the entire 
CFTR cDNA protein encoding region may be maintained and/or expressed include other 
1 0 bacterial species and yeast It is not possible a priori to predict which cells might be resistant 
and which might not Screening a number of different host/vector combinations is necessary 
to find a suitable host tolerant of expression of the full length protein or potentially toxic 
fragments thereof. 

15 

Exmipk 7 - GCTgrfttion of AdenovirHS Vector Encoding CFTR f Ad2/CFTR) 

1 . DNA prepamtion • Construction of the recombinant Ad2/CFTR- 1 virus (the sequence 
of which is shown in Table U and as SEQ ID NO:3) was accomplished as follows: The 
CFTR cDN A was excised from the plasmid pCNfV-CFTR-936C using restriction enzymes 

20 Spfil and EdDfil. pCMV-CFTR-936C consists of a minimal CFTR cDNA encompassing 
nucleotides 123-4622 of the published CFTR sequence cloned into the multiple cloning site 
of pRC/CMV (Invitrogen Corp.) using synthetic linkers. The CFTR cDNA within this 
plasmid has been completely sequenced. The Spel /Ecn361 restriction fragment contains 47 
bp of S' sequence derived from synthetic linkers and the multiple cloning site of the vector. 

25 The CFTR cDNA (Ae sequence of which is shown as SEQ ID NO:l and the amino 

acid sequence encoded by the CFTR cDNA is shown as SEQ ID NO:2) was inserted between 
the Nhel and SnaBl restriction sites of the adenovirus gene transfer vector pBR-Ad2-7. pBR- 
Ad2-7 is a pBR322 based plasmid containing an approximately 7 kb insert derived from the 
5* 10680 bp of Ad2 inserted between the CM and EamHI sites of pBR322. From this Ad2 
- 30 fragment, the sequences corresponding to Ad2 nucleotides 546-3497 were deleted and 

replaced with a 1 2 bp multiple cloning site containing an Nhsl site, an MM site, and a SnaBl 
site. The construct also contains the 5* inverted terminal repeat and viral packaging signals, 
the Ela enhancer and promoter, the Elb 3' intron and the 3' untranslated region and 
polyadenylation sites. The resulting plasmid was called pBR-Ad2-7/CFTR. Its use to 

35 assemble virus is described below. 

2. Virus Preparation from DNA • To generate the recombinant Ad2/CFTR-1 adenovirus, 
the vector pBR-Ad2-7/CFTR was cleaved with BstBl at the site corresponding to the unique 
BstBl site at 10670 in Ad2. The cleaved plamid DNA was ligated to BstBl restricted Ad2 
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DNA. Following ligation, the reaction was used to transfect 293 cells by the calcium 
phosphate procedure. Approximately 7-8 days following transfection, a single plaque 
appeared and was used to reinfect a dish of 293 cells. Following development of cytopathic 
effect (CPE), the medium was removed and saved. Total DNA was prepared from the 
5 infected cells and analyzed by restriction analysis with multiple enzymes to verify the 
integrity of the construct. Viral supernatant was then used to infect 293 cells and upon 
development of CPE, expression of CFTR was assayed by the protein kinase A (PKA) 
immunoprecipitation assay (Gregory, R.J. et al. (1990) Nature 347:382 ). Following these 
verification procedures, the virus was further purified by two rounds of plaque purification. 
1 0 Plaque purified virus was grown into a small seed stock by inoculation at low 

multiplicities of mfection onto 293 cells grown in monolayers in 925 medium supplemented 
with 1 0% bovine calf serum. Material at this stage was designated a Research Viral Seed 
Stock (RVSS) and was used in all preliminary experiments. 

15 3. Vims Host Cell - Ad2/CFTR-1 is propagated in human 293 cells (ATCC CRL 1573). 
These cells are a human embryonal kidney cell line which were immortalized with sheared 
fiagments of human Ad5 DNA. The 293 cell Une expresses adenovirus early region 1 gene 
products and in consequence, will support the growth of El deficient adenoviruses. By 
analogy with retroviruses, 293 cells coxild be considered a packaging cell line, but they differ 

20 from usual retrovirus lines in that they do not provide missing viral structural proteins, rather, 
they provide only some missing viral early functions. 

Production lots of virus are propagated in 293 cells derived from the Working Cell 
Bank (WCB). The WCB is in turn derived fix)m the N4aster Cell Bank (MCB) vdiich was 
grown up fit>m a fresh vial of cells obtamed from ATCC. Because 293 cells are of human 

25 origin, they are being tested extensively for the presence of biological agents. The MCB and 
WCB are being characterized for identity and the absence of adventitious agents by 
Microbiological Associates, RockviUe, MD. 

4. Growth of Pm ductinn Lots of Virus 

30 Production lots of Ad2/CFTR- 1 are produced by inoculation of approximately 5-1 0 x 

107 pfij of MVSS onto approximately 1-2 x 10^ Web 293 cells grown m a T175 flask 
containing 25 mis of 925 mediumu Inoculation is achieved by direct addition of the virus 
(approximately 2-5 mis) to each flask. Batches of 50-60 flasks constitute a lot. 

Following 40-48 hours mcubation at 37°C, the cells are shaken loose from the flask 

35 and transferred with medium to a 250 ml centrifuge bottle and spun at 1000 xg. The cell 
pellet is resuspended in 4 ml phosphate buffered saline containing 0.1 g/1 CaCl2 and 0.1 g/1 
MgCl2 and the cells subjected to cycles of freeze-thaw to release virus. Cellular debris is 
removed by centrifugation at 1000 xg for 15 min. The supernatant from this centrifugation is 
layered on top of the CsCl step gradient: 2 ml 1 .4g/ml CsCl and 3 ml 1 .25g/ml CsCl in 10 
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mM Tris, 1 xnM EDTA (TE) and spun for 1 hour at 35,000 ipm in a Beckman SW41 rotor. 
Virus is then removed from the interface between the two CsCl layers, mixed with 1 .35 g/ml 
CsCl in TE and then subjected to a 2.5 hour equilibrium centrifiigation at 75,000 rpm in a 
TLN-1 00 rotor. Vuiis is removed by puncturing the side of the tube with a hypodermic 
5 needle and gently removing the banded virus. To reduce the CsCl concentration, the sample 
is dialyzed against 2 changes of 2 liters of phosphate buffered saline with 10% sucrose. 

Following this procedure, dialyzed virus is stable at 4^C for several weeks or can be 
stored for longer periods at -80X. Aliquots of material for human use will be tested and 
v/idle awaiting the results of &ese tests, the remainder will be stored frozen. The tests to be 
10 performed are desmbed below: 

5. Structure and Puritv of Virus 

SDS polyacrylamide gel electrophoresis of purified virions reveals a number of 
polypeptides, many of which have been characterized. When preparations of virus were 
15 subjected to one or two additional rounds of CsCl centrifiigation, the protein profile obtained 
was indistinguishable. This indicates that additional equilibrium centrifiigation does not 
purify the vims further, and may suggest that even the less intense bands detected in the vinis 
preparations rqxresent nunor virion components rather than contanunating pr^^ The 
identity of tiie protein bands is presently being established by N-tenninal sequence analysis. 

20 

6. Contaminating Materials - The material to be administered to patients will be 2 x 1 0^ 
pfu, 2 X 10^ pfu and 5 x 10^ pfii of purified Ad2/CFTR-1. Assuming a minimum particle to 
pfu ratio of 500, this corresponds to 1 x 10^, 1 x 10^0 and 2.5 x 10^0 viral particles, these 
correspond to a dose by mass of 0.25 ^g, 2.5^g and 6.25 ^g assuming a moleuclar mass for^ 

25 adenovirus of 150 x 10^- 

The origin of the materials fi:om vAdch a production lot of the purified Ad2/CFTR-1 
is derived was described in detail above and is illustrated as a flow diagram in Figure 6. All 
the starting materials from ^ch the purified virus is made (i.e., MCB, and WCB, and the 
MVSS) will be extensively tested. Further, the growth medium used will be tested and the 

30 serum will be from only approved suppliers who will provide test certificates. In this way, all 
the components used to generate a production lot will have been characterized. Following 
growth, the production lot virus will be purified by two roimds of CsCl centrifiigation, 
dialyzed, and tested. A production lot should constitute 1-5 x lO^^ pfu Ad2/CFTR-1 . 

As described above, to detect any contaminating material aliquots of the production 

35 lot will be analyzed by SDS gel electrophoresis and restriction enzyme mapping. However, 
these tests have limited sensitivity. Indeed, unlike the situation for purified single chain 
recombinant proteins, it is very difficult to quantitate the purity of the AD2/CFTR-1 using 
SDS polyacrylamide gel electrophoresis (or similar methods). An alternative is the 
immunological detection of contaminating proteins (IDCP). Such an assay utilizes antibodies 
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ndsed against the proteins purified in a mock purification run. Development of such an assay 
has not yet been attempted for the CsCl purification scheme for Ad2/CFTR-1. However, 
initially an IDCP assay developed for the detection of contammants in recombinant protems 
produced in Chinese hamster ovary (CHO) cells will be used. In addition, to hamster 

5 proteins, these assays detect bovine serum albumin (BSA), transferrin and IgG heavy and 
light chain derived fi-om the serum added to the growth medium. Tests using such reagents to 
examine research batches of Ad2/CFTR-1 by both ELISA and Western blots are in progress. 

Other proteins contaminating the virus preparation are likely to be from the 293 cells - 
that is, of human origin. Human proteins contaminating thenyeudc agents derived from 

10 human sources are usually not problematic. In this case, however, we plan to test the 
production lot for transforming fectors. Such factors could be activities of contaminating 
human proteins or of the Ad2/CFTR-1 vector or other contammating ^ents. For the test, it is 
proposed that 10 dishes of Rat 1 cells containing 2 x 10^ cells (the number of target cells in 
the patient) with 4 times the highest human dose of Ad2/CFTR-1 (2 x 10^ pfii) will be 

1 5 infected. Following infection, the cells will be plated out m agar and examined for the 

appearance of transformed foci for 2 weeks. WUd type adenovirus will be used as a control. 

Nucleic acids and proteins would be expected to be separated from purified virus 
preparations upon equilibrium density centrifiigation. Furthermore, the 293 cells are not 
expected to contain VL30 sequences. Biologically active nucleic cells should be detected. 

20 

Fv^implP R - Prelimin a ry Rvperiinents Testing the Ability of AdZ/BCffll QX Ad2/CFTR VimS 
tn Fnter Airwav Epithelial Cells 

a. Hamster Studies 

25 Initial studies involving the mtratracheal instillation of the Ad-pGal viral vector into 

Syrian hamsters, vMch are reported to be permissive for human adenovirus are being 
performed. The first study, a time course assessment of the puhnonary and systemic acute 
uiflammatory response to a single intratracheal administration of Ad-pGal viral vector, has 
been completed. In this study, a total of 24 animals distributed among three treatment 

30 groups, specifically, 8 vehicle control, 8 low dose virus (1 x 10^ 1 particles; 3 x 10* pfii), and 
8 high dose virus (1.7 x 10^2 particles; 5 x 10^ pfii), were used. Within each treatment 
group, 2 animals were analyzed at each of four time points after viral vector uistillation: 6 
hrs, 24 hrs, 48 hrs, and 7 days. At the time of sacrifice of each animal, lung lavage and blood 
samples were taken for analysis. The lungs were fixed and processed for normal light-level 

35 histology. Blood and lavage fluid were evaluated for total leukocyte count and leukocyte 
differential. As an additional measure of the inflammatory process, lavage fluid was also 
evaluated for total protein. Following embeddings, sectioning and hematoxylin/eosin 
staining, lung sections were evaluated for signs of inflammation and airway epithelial 
damage. 
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With the small sample size, the data bom this preliminary study were not amenable to 
statistical analyses, however, some general trends could be ascertained. In the peripheral 
blood samples, total leukocyte coimts showed no apparent dose- or time- dependent changes. 
In the blood leukocyte differential counts, there may have been a minor dose-related 
S elevation in percent neutrophil at 6 hours; however, data from all other time points showed no 
elevation in neutrophil percentages. Taken together, these data suggest little or nor systemic 
inflammatory response to the viral administration. 

From the lung lavage, some elevation in total neutrophil coimts were observed at the 
first three time points (6 hr, 24 hr, 48 hr). By seven days, both total and percent neutrophil 
1 0 values had returned to normal range. The trends in lung lavage protein levels were more 
di£Bcult to assess due to inter-animal variability; however, no obvious dose- or time- 
dependent effects were apparent. First» no damage to airway epithelium was observed at any 
time point or virus dose level. Second, a time- and dose- dependent mild inflammatory 
response was observed, being maximal at 48 hr in the high virus dose animals. By seven 
1 S days, the inflammatory response had completely resolved, such that the lungs from animals in 
all treatment groups were indistinguishable. 

In summary, a mild, transient, pulmonary inflammatory response appears to be 
associated with the intratracheal administration of the described doses of adenoviral vector in 
the Syrian Hamster. 

20 A second, single intratracheal dose, hamster study has been initiated. This study is 

designed to assess the possibility of the spread of ineffective viral vectors to organs outside of 
the lung and the antibody response of the animals to the adenoviral vector. In this study, the 
three treatment groups (vehicle control, low dose virus, high dose virus) each contained 12 
animals. Animals will be evaluated at three time points: 1 day, 7 days, and 1 month. In this 

25 study, viral vector persistence and possible spread will be evaluated by the assessment of the 
presence of infective virions in numerous organs including lung, gut, heart, liver, spleen, 
kidney, brain and gonads. Changes in adaioviral antibody titer will be measured in 
peripheral blood and lung lavage. Additionally, lung lavage, peripheral blood and lung 
histology will be evaluated as in the previous study. 

30 

b. Primate studies. 

Studies of recombinant adenovirus are also underway in primates. The goal of these 
studies is to assess the ability of recombinant adenoviral vectors to deliver genes to the 
respiratory epithelium in vivo and to assess the safety of the construct in primates. Initial 
35 studies in primates targeted nasal epithelia as the site of infection because of its similarity to 
lower airway epithelia, because of its accessibility, and because nasal epithelia was used for 
the first human studies. The Rhesus monkey (Macaco mulatto) has been chosen for studies, 
because it has a nasal epithelium similar to that of humans. 



• 
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How expression of CFTR affects the electrolyte transport properties of the nasal 
epithelium can be studied in patients with cystic fibrosis. But because the primates have 
normal CFTR function, instead the ability to transfer a reporter gene was assessed. Therefore 
the Ad-PGal virus was used. The epithelial cell density in the nasal cavity of the Rhesus 
5 monkey is estimated to be 2 x 10^ cells/cm (based on an average nasal epithelial cell 

diameter of 7 nm) and the surfece near 25-50 cm^. Thus, there are about 5 x 1 0^ cells in the 
nasal epithelium of Rhesus monkey. To focus especially on safety, the higher viral doses 
(20-200 MOI) were used in vivo. Thus doses in the range of lO^-lO^O pfii were used. 

In the first pilot study the right nostril of Monkey A was infected with Ad-p-Gal ('^l 

10 ml). This viral preparation was purified by CsCl gradient centiifugation and then by 

filtration chromatogr^hy one week later. Adenoviruses are typically stable in CsCl at 4^C - 
for one to two weeks. However, this viral preparation was found to be defective (i.e., it did 
not produce detectable P-galactosidase activity in the permissive 293 cells). Thus, it was 
concluded that there was no live viral activity in the material, p-galactosidase activity in 

1 5 nasal epithelial cells bom Monkey A was also not detected. Therefore, in the next study, two 
different preparations of Ad-P-Gal virus: one that was purified on a CsCl gradient and then 
dialyzed against Tris-bufiTered saline to remove the CsCl, and a crude unpurified one was 
used. Titers of Ad-^-Gal viruses were -2 x lO^O pfu/ml and > 1 x lO^^ pfu/ml, respectively, 
and both prepar a tions produced detectable p-galactosidase acdvity in 293 cells. 

20 Monkeys were anesthetized by intramuscular injection of ketaniine (15 mg/kg). One 

week before administration of virus, the nasal mucosa of each monkey was brushed to 
establish baselme cell differentials and levels of P-galactosidase. Blood was drawn for 
baseline determination of cell differentials, blood chemistries, adenovirus antibody titers, and 
viral cultures. Each monkey was also examined for weight, temperature, appetite, and 

25 general health prior to mfection. 

The entire epithelium of one nasal cavity was used in each monkey. A foley catheter 
(size 10) was inserted through each nasal cavity into the pharynx, inflated with 2-3 ml of air, 
and then piilled anteriorly to obtain tight posterior occlusion at the posterior choana. Both 
nasal cavities were then irrigated with a solution (^5 ml) of 5 mM dithiothreitol plus 0.2 U/ml 

30 neuraminidase in phosphate-buffered saline (PBS) for five minutes. This solution was used 
to dissolve any residual mucus overlaying the epithelia. (It was subsequently found that such 
treatment is not required.) The washing procedure also allowed the determination of whether 
the balloons were effectively isolatmg the nasal cavity. The vmis (Ad-p-Gal) was then 
slowly instilled into the right nostril with the posterior balloon inflated. The viral solution 

35 remained in contact with the nasal mucosa for 30 minutes. At the end of 30 minutes, the 
remaining viral solution was removed by suction. The balloons were deflated, the catheters 
removed, and the monkey allowed to recover from anesthesia Monkey A received the CsCl- 
purified virus (-1 .5 ml) and Monkey B received the crude virus (-6 ml), (note that this was 
the second exposure of Monkey A to the recombinant adenovirus). 
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Both monkeys were followed daily for appearance of the nasal mucosa, conjimcdvitis, 
appetite, activity, and stool consistency. Each monk^ was subsequently anesthetized on 
days 1, 4, 7, 14, and 21 to obtain nasal, pharyngeal, and tracheal cell samples (either by 
swabs or brushes) as described below. Phlebotomy was performed over the same time course 
S for hematology, ESR, general screen, antibody serology and viral cultures. Stools were 
collected every week to assess viral cultures. 

To obtain nasal epithelial cells from an anesthetized monkey, the nasal mucosa was 
first impregnated with 5 drops of Afiin (0.05% oxymetazoline hydrochloride, Schering- 
Ploiigh) and 1 ml of 2% Lidocaine for 5 min. A cytobrush (the kind typically used for Pap 

1 0 smears) was then used to gently rub the mucosa for about 1 0 seconds. For tracheal brushings, 
a flexible fiberoptic bronchoscope; a 3 mm cytology brush (Bard) was advanced through the 
bronchoscope into the trachea, and a small area was brushed for about 10 seconds. This 
procedure was repeated twice to obtain a total of -10^ cells/ml. Cells were then collected on 
slides (^>proximately 2x10^ cells/slide using a Cytospin 3 (Shandon, PA)) for subsequent 

1 S staining (see below). 

To determine viral efGcacy, nasal, pharyngeal, and tracheal cells were stained for P- 
galactosidase using X-gal (S bromo-4-chloro-3-indolyl-p-D-galactoside). Cleavage of X-gal 
by p-galactosidase produces a blue color that can be seen with light microscopy. The Ad-P- 
gal vector included a nuclear4ocalization signal (MLS) (from SV40 large T-antigen) at the - 

20 amino-terminus of the p-galactosidase sequence to direct expression of this protein to the - 
nucleus. Thus, the number of blue nuclei after staining was determined. 

RT-PCR (reverse transcriptase-polymerase chain reaction) was also used to determine 
viral efiScacy. This assay indicates the presence of P-galactosidase mRNA in cells obtained* 
by brushings or swabs. PCR primers were used in both the adenovirus sequence and the 

25 LacZ sequence to distinguish virally-produced mRNA from endogenous mRNA. PCR was 
also used to detect the presence of the recombinant adenovirus DNA. Cytospin preparations 
was used to assess for the presence of virally produced P-galactosidase mRNA in the 
respiratory epithelial cells using in-situ hybridization. This technique has the advantage of 
being highly specific and will allow assessment which cells are producing the mRNA. 

30 Whether there was any inflammatory response was assessed by visiial inspection of 

the nasal epithelium and by cytological examination of Wright-stained cells (cytospin). The 
percentage of neutrophils and lymphocytes were compared to that of the control nostril and to 
the normal values fit)m four control monkeys. Systemic repsonses by white blood cell 
counts, sedimentation rate, and fever were also assessed. 

35 Viral replication at each of the time points was assessed by testing for the presence of 

live virus in the siq)ematant of the cell suspension bom swabs or brushes. Each supernatant 
was used to infect (at several dilutions) the virus-sensitive 293 cell line. Cytopathic changes 
in the 293 cells were monitored for 1 week and then the cells were fixed and stained for P- 
galactosidase. Cytopathic effects and blue-stained cells indicated the presence of live virus. 
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Positive supematants will also be subjected to analysis of nonintegrating DNA to identify 
(confirm) the contributing virus(es). 

Antibody titers to type 2 adenovirus and to the recombinant adenovirus were 
determined by ELISA. Blood/serum analysis was performed using an automated chemistry 
5 analyzer Hitachi 737 and an automated hematology analyzer Technicom H6. The blood 
bufiy coat was cultured in AS49 cells for wild type adenovirus and was cultured in the 
permissive 293 cells. 

Results: Both monkeys tolerated the procedure well. Daily examination revealed no 
evidence of coryza, conjunctivitis or diarrhea. For both monkeys, the nasal mucosa was 
10 mildly erythematous in both the infection side and the control side; this was interpreted as 
being due to the instrumentation. Appetites and weights were not affected by virus 
administrated in either monkey. Physical examination on days 1, 4,7, 14 and 21 revealed no 
evidence of lymphadenopathy, tachypnea, or tachycardia. On day 21, monkey B had a 
temperature 39.PC (normal for Rhesus monkey 38.8^) but had no other abnormalities on 
15 physical exam or in laboratory data. Monkey A had a slight leukocytosis on day 1 post 
infection \^ch returned to normal by day 4; the WBC was 4,920 on the day of infection, 
8,070 on day 1, and 5,200 on day 4. The ESR did not change after the infection* Electrolytes 
and transaminases were normal throughout 

Wright stains of cells fixim xiasal brushing were performed on days 4, 7, 14,and21. 
20 They revealed less than 5% neutrophils and lymphocytes. There was no difference between 
the infected and the control side. 

X-Gal stains of the pharyngeal swabs revealed blue-stained cells in both monkeys on 
days 4, 7, and 14; only a few of the cells had clear nuclear localization of the pigment and 
some pigment was seen in extracellular debris. On day 7 post infection, X-Gal stains from 
25 the right nostril of monkey A, revealed a total of 135 ciliated cells with nuclear-localized blue 
stain. The control side had only 4 blue cells Monkey B had 2 blue cells from the infected 
nostril and none from the control side. Blue cells were not seen on day 7, 14, or 21 . 

RT-PCR on day 3 post infection revealed a band of the correct size that hybridized 
with a P-Gal probe, consistent with P-Cial mRNA in the samples from Monkey A control 
. 30 nostril and Monkey B infected nostril. On day 7 there was a positive band in the sample from 
the mfected nostril of Monkey A, the same specimen diat revealed blue cells. 

Fluid from each nostril, the pharynx, and trachea of both monkeys was placed on 293 
cells to check for the presence of live virus by cytopathic effect and X-Gal stain. In Monkey 
A, live virus was detected in both nostrils on day 3 after infection; no live virus was detected 
35 at either one or two weeks post-infection. In Monkey B, live virus was detected in both 
nostrils, pharynx, and trachea on day 3, and only in the infected nostril on day 7 after 
infection. No live virus was detected 2 weeks after the infection. 
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c. Human Explant Studies 

In a second type of experiment, epithelial cells firom a nasal polyp of a CF patient 
were cultured on permeable filt^ supports. These cells form an electrically tight epithelial 
monolayer after several days in culture. Eight days after seeding, the cells were exposed to 
5 the Ad2/CFTR virus for 6 hours. Three days later, the short-circuit current (Isc) across the 
monolayer was measured. cAMP agonists did not increase the Isc, indicating that there was 
no change in chloride secretion. However, this defect was corrected after infection with 
recombinant AdZ/CFTR. Cells infected witii Ad2/CFTR (MOh=S; M 01 refers to multiplicity 
of infection; 1 MOI indicates one pfti/cell) e^qnress ftmctional CFTR; cAMP agonists 

10 stimulated Isc, indicating stimulation of CI* secretion. Ad2/CFTR also corrected the CF 
chloride channel defect in CF tracheal epithelial cells. Additional studies indicated that 
Ad2/CFTR was able to correct the chloride secretory defect without altering the 
transepithelial electrical resistance; this result indicates that the integrity of the epithelial cells 
and the tight junctions was not disrupted by infection with AdZ/CFYR. Application of 1 MOI 

IS of Ad2/CFTR was also found to be sufficient to correct the CF chloride secretory defect 

The experiments using primary cultures of human airway epithelial cells indicate that 
the Ad2/CFTR virus is able to enter CF airway epithelial cells and express sufficient CFTR to 
correct the defect in diloride transport. 

20 Example 9 -In Vivo Dclivciy to and Expression of CFTR in Cotton Rat and Rhesus Monkey 
Epithelium 

MATERIALS AND METHODS :^ 
Adenovirus vector : 

25 Ad2/CFTR-1 was prepared as described in Example 7. The DNA construct comprises 

a full length copy of the Ad2 genome of approximately 37.S kb firom which the early region 1 
genes (nucleotides 546 to 3497) have been replaced by cDNA for CFTR (nucleotides 123 to 
4622 of the published CFTR sequence with 53 additional linker nucleotides). The viral Ela 
promoter was used for CFTR cDNA. Termination/polyadenylation occxirs at the site 

30 normally used by the Elb and protein IX transcripts. The recombinant virus E3 region was 
conserved. The size of the Ad2-CFTR-1 vector is approximately 104.5% that of wild-type 
adenovirus. The recombinant virus was grown in 293 cells that complement the El early 
viral promoters. The cells were frozen and thawed three times to release the virus and the 
preparation was purified on a CsCl gradient, then dialyzed against Tris-buffered saline (TBS) 

35 to remove the CsCl, as described. 



• 
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Animals 

Rats. Twenty two cotton rats (6-8 weeks old, weighing between 80-100 g) were used 
for this study. Rats were anesthetized by inhaled methoxyflurane (Pitman Moore, Inc., 
Mundelen, 111), Virus was applied to the lungs by nasal instillation during insputttion. 
5 Two cotton rat studies were performed. In the first study, seven rats were assigned to 

a one time puhnonary infection with 100 \x\ solution containing 4.1 x 10^ plaque formmg 
units (pfii) of the Ad2/CFTR-1 virus and 3 rats served as controls. One control rat and either 
two or three experimental rats were sacrificed with methoxyflurane and studies at each of 
three time points: 4, 11, or IS days after infection. 

10 The second group of rats was used to test the effect of repeat administration of the 

recombinant virus. AU 12 rats received 2.1 x 10^ pfii of the Ad2/CFTR.l virus on day 0 and 
9 of the rats received a second dose of 3.2 x 10^ pfu of Ad2/CFTR-1 14 days later. Groups 
of one control rat and three experimental rats were sacrificed at 3, 7, or 14 days after the 
second administration of virus. Before necropsy, the trachea was cannulated and 

1 5 brochoaveolar lavage (B AL) was performed with 3 ml aliquots of phosphate-buffered saline. 
A median sternotomy was perfonned and the right ventricle cannulated for blood collection. 
The right lung and trachea were fixed in 4% formaldehyde and fiie left lung was fix)zen in 
liquid nitrogen and kept at -70*C for evaluation by immunochemistiy, reverse transcriptase 
polymerase chain reaction (RT-PCR), and viral culture. Other organs were removed and 

20 quickly fi:o2en in liquid nitrogen for evaluation by polymerase chain reaction (PCR). 

Monkeys. Three female Rhesus monkeys were used for this study; a fourth female 
monkey was kept in the same room, and was used as control. For application of the virus, the 
monkeys were anesthetized by intramuscular injection of ketamine (1 5 mg/kg). The entire 
epithelium of one nasal cavity in each monkey was used for virus q>plication. A foley 

25 catheter (size 10) was inserted through each nasal cavity into the pharynx, the balloon was 
mflated with 2-3 ml of air, and then pulled anteriorly to obtain a tight occlusion at the 
posterior choana. The Ad2/CFTR-1 virus was then instilled slowly in the right nostril with 
the posterior balloon inflated. The viral solution remained in contact with the nasal mucosa 
for 30 min. The balloons were deflated, the catheters were removed, and the monkeys were 
. 30 allowed to recover from anesthesia. A similar procedure was performed on the left nostril, 
except that TBS solution was instilled as a control. The monkeys received a total of three 
doses of the virus over aperiod of 5 months. The total dose given was 2.5 x 10^ pfu tiie first 
time, 2.3 x 10^ pfii Ae second time, and 2.8 x 10^ pfu the tiiird time. It was estimated tiiat 
the cell density of the nasal epitiielia to be 2 x 10^ cells/cm2 and a surface area of 25 to 50 

35 cm2. This conesponds to a multiplicity of infection (MOI) of approximately 25. 

The animals were evaluated 1 week before the first administration of virus, on the day 
of administration, and on days 1, 3, 6, 13, 21, 27, and 42 days after infection. The second 
administration of virus occurred on day 55. The monkeys were evaluated on day 55 and then 
on days 56, 59, 62, 69, 76, 83, 89. 96, 103, and 1 1 1 . For the third administration, on day 1 34, 
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only the left nostril was canniilated and exposed to the vims. The control monkey received 

instillations of PBS instead of virus. Biopsies of the left medial turbinate were carried out on 

day 135 in one of the infected monkeys, on day 138 on die second infected monkey, and on 

day 142 on the third infected monkey and on the control monkey. 
5 For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(1 S mg/kg). To obtain nasal epithelial cells, the nasal mucosa was first impregnated with S 

drops of Aftin (0.05% oxymetazoline hydrochloride, Schering-Plough) and 1 ml of 2% 

Lidocaine for 5 minutes. A cytobrush was then used to gently rub the mucosa for about 3 

sec. To obtain pharyngeal epithelial swabs, a cottonrtipped applicator was rubbed over the 
10 back of the pharynx 2-3 times. The resulting cells were dislodged ftom brushes or 

applicators into 2 ml of sterile PBS. Biopsies of the medial turbinate were performed using 

cupped forceps under direct endoscopic control 

Animals were evaluated daily for evidence of abnormal behavior of physical signs. A 

record of food and fluid intake was used to assess q>petite and general health. Stool 
1 5 consistency was also recorded to check for the possibility of dianfaea. At each of the 

evaluation time points, rectal temperature, respiratory rate, and heart rate were measured. 

The nasal mucosa, conjunctivas, and pharynx were visually inspected. The monkeys were - 

also examined for lympfaadenopadiy . 

Venous blood from the monkeys was collected by standard venipuncture technique. 
20 Blood/serum analysis was performed in the clinical laboratory of the University of Iowa 

Hospitals and Clinics using a Hitachi 737 automated chemistry analyzer and a Technicom H6 

automated hematology analyzer. 

SfiCOlogX 

25 Sera were obtained and and-adenoviral antibody titers were measured by an enzyme-^* 

linked immunoadsorbant assay (ELISA). For the ELISA, 50 ng/well of filled adenovirus 
(Lee Biomolecular Research Laboratories, San Diego, Ca) in O.IM NaHC03 were coated on 
96 well plates at 4^C overnight. The test samples at appropriate dilutions were added, 
starting at a dilution of 1/50. The san4)les were incubated for 1 hour, the plates washed, and 

30 a goat anti-human IgG HRP conjugate (Jackson ImmunoResearch Laboratories, West Grove, 
PA) was added and incubated for 1 hour. The plates were washed and O-Phenylenediamine 
(Sigma Chemical Co., St Louis, MO) was added for 30 min. at room temperature. The assay 
was stopped witfi 4.5 M H2SO4 and read at 490 nm on a Molecular Devices microplate 
reader. The titer was calcitlated as the product of the reciprocal of the initial dilution and the 

35 reciprocal of the dilution in the last well with an OD>0. 100. 

Neutralizing antibodies measure the ability of the monkey serum to prevent infection 
of 293 cells by adenovirus. Monkey serum (1 :25 dilution) [or nasal washings (1 :2 dilutions)] 
was added in two-fold serial dilutions to a 96 well plate. Adenovirus (2.5 x 10^ pfii) was 
added and incubated for 1 hour at 37^C. The 293 cells were then added to all wells and the 
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plates were incubated until the serum-fiee control wells exhibited >9S% cytopathic effect. 
The titer was calculated as the product of the reciprocal of the initial dilution times the 
reciprocal of the dilution in the last well showing >9S% cytopathic effect. 

S Bronchoalveo lar lavage and nasal bnishings for cytology 

Bronchoalyeolar lavage (BAL) was performed by cannulating the trachea with a 
silastic catheter and injecting 5 ml of PBS. Gentle suction was applied to recover the fluid. 
The BAL sample was spun at 5000 rpm for S min. and cells were resuspended in 293 media 
at a concentration of 10^ cells/ml. Cells were obtained from the monkey's nasal epithelium 
1 0 by gently rubbing the nasal mucosa for about 3 sec. with a cytobrush. The resulting cells 
were dislodged ftom the brushes into 2 ml of PBS. Forty microliters of the cell suspension 
were cytocentiifuged onto slides and stained with Wrighfs stain. Samples were examined by 
light microscopy. 

15 

Histology of lung sp^tinns and nasal biopsies 

The right lung of each cotton rat was removed, inflated wifh 4% formaldehyde, and 
embedded in parafiBn for sectioning. Nasal biopsies from &e monk^s were also fixed with 
4% formaldehyde. Histologic sections were stained wMi hematoxylin and eosin (H&E). 
20 Sections were reviewed by at least one of the study personnel and by a pathologist who was 
unaware of the treatment each rat received. 

TmTnunncvtochemistrv 

Pieces of lung and trachea of the cotton rats and nasal biopsies were frozen in liquid 

25 nitrogen on O.C.T. compound. Cryosections and parafBn sections of the specimens were 
used for immunofluorescence microscopy. Cytospin slides of nasal bnishings were prepared 
on gelatin coated slides and fixed with paraformaldehyde. The tissue was permeabilized with 
Triton X-100, tfien a pool of monoclonal antibodies to CFTR (M13-1, MM) (Denning, G.M. 
et al. (1992) J. Cliru Invest 89:339-349) was added and incubated for 12 hours. The primary 

30 antibody was removed and an anti-mouse biotinylated antibody (Biomeda, Foster City, CA) 
was added. After removal of tiie secondary antibody, streptavidin FITC (Biomeda, Foster 
City, Ca) was added and die slides were observed under a laser scanning confocal 
microscope. Botii control animal samples and non-immune IgG stained samples were used as 
controls. 

35 

ECE 

PGR was performed on pieces of small bowel, brain, heart, kidney, liver, ovaries, and 
spleen firom cotton rats. Approximately 1 g of die rat organs was mechanically ground and 
mixed witii 50 yX sterile water, boiled for 5 miiL, and centrifiiged. A 5 jil aliquot of die 
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siq)eniatant was removed for further analysis. Monkey nasal biushings suspensions were 
also used for PGR. 

Nested PCR primer sets were designed to selectively amplify Ad2/CFTR-I DNA over 
endogenous CFTR by placing one primer from each set in the adenovirus sequence and the 
5 other primer in the CFTR sequence. The first primer set amplifies a 723 bp fragment and is 
shown below: 

Ad2 5' ACT CTT GAG TGC CAG CGA GTA GAG TTT TCT CCT CCG 3' (SEQ ID 
NO:4) 

CFTR 5' GCA AAG GAG CGA TCC ACA CGA AAT GTG CC 3* (SEQ ID NO:5) 
10 The nested primer set amplifies a 506 bp fragment and is shown below: 
Ad2 5' CTC CTC CGA GCC GCT CCG AGC TAG 3' (SEQ ID N0:6) 
CFTR 5' CCA AAA ATG GCT GGG TGT AGG AGC AGT GTC C 3' (SEQ ID N0:7) 

A PCR reaction mix containing lOmM Tris-Cl (pH 8.3), 50mM KCl, 1 .5 mM MgCl2, 
0.001% (w/v) gelatin, 400 ^iM each dNTP, 0.6 ^M each primer (first set), and 2.5 units 
15 AmpliTaq (Perkin Elmer) was aliquoted into separate tubes. A 5 ^1 aliquot of each sample 
prep was then added and the mixture was overlaid with 50 ^1 of light mineral oil. The 
samples were processed on a Bamstead/Thermolyne (Dubuque, LA) thermal cycler 
programmed for 1 min, at 94^C, 1 min. at 65^C, and 2 min. at 72^C for 40 cycles. Post-run 
dwell was for 7 min. at 72*'C. A 5 ^1 aliquot was removed and added to a second PCR 
20 reaction using the nested set of primers and cycled as above. A 1 0 ^1 aliquot of the final 
amplification reaction was analyzed on a 1% agarose gel and visualized with ethidium 
bromide. 

To determine the sensitivity of this procedure, a PCR mix containing control rat liver 
siq)eniatant was aliquoted into several tubes and spiked with dilutions of Ad2/CFTR-1. 
25 Following the amplification protocols described above, it was determined that the nested 
PCR procedure could detect as little as 50 pfii of viral DNA. 



RT'FCR 

RT-PCR was used to detect vector-generated mRNA in cotton rat lung tissue and 
. 30 samples from nasal brushings from monkeys. A 200 ^1 aliquot of guanidine isothiocyanate 
solution (4 M guanidine isothiocyanate, 25 mM sodium citrate pH 7.0, 0.5% sarcosyl, and 0.1 
M p-mercaptoethanol) was added to a frozen section of each lung and pellet fix^m nasal 
brushingsandthetissue was mechanically ground. Total RNA was isolated utilizing a 
single-step method (Chomc2ynski, P. and Sacchi, N. et al. (1987) Analytical Biochemistry 
35 162:156-159;Hanson,C.A.etal.(1990)i4m.yPar/io/. 137:1-6). The RNA was incubated 
with 1 unit RQl RNase-fiiee DNase (Promega Corp., Madison WI)) at 37''C for 20 min., 
denatured at 99°C for 5 min., precipitated with ammonium acetate and ethanol, and 
redissolved in 4 |il diethylpyrocarbonate treated water containing 20 units RNase Block 1 
(Stratagene, La JoUa CA). A 2 ^1 aliquot of the purified RNA was reverse transcribed using 
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the OeneAmp RN A PCR kit (Perkin Elmer Cetus) and the dowostteam primer from tlie first 
primer set described in the previous section. Reverse transcriptase was omitted from the 
reaction with the remaining 2 ^1 of the purified RNA prep, as a control in which preparations 
(both +/- RT) were then amplified usmg nested primer sets and the PCR protocols described 
5 above. A 10 aliquot of the final amplification reaction was analyzed on a 1% agarose gel 
and visualized with ethidium bromide. 

Snuthem analvsis. 

To verify the identity of the PCR products. Southern analysis was performed. The 
1 0 DNA was transfored to a nylon membrane as described (Sambrook fit fll., supra), A 
fragment of CFTR cDNA (amino acids #1-525) was labeled with [32p]^CTP aCN 
Biomedicals, Inc» Irvine CA) using an oligolabeling kit (Pharmacia, Piscataway, NJ) and 
purified over a NICK column (Pharmacia Piscataway, NJ) for use as a hybridization probe. 
The labeled probe was denatured, cooled, and incubated with the prehybridized filter for 1 5 
1 5 hours at 42*^C. The hybridized filter was then exposed to fihn (Kodak XAR-5) for 1 0 min. 



nultnrenf Ad2/CFTR-1 

20 Viral cultures were performed on the permissive 293 cell line. For culture of virus 

fiom lung tissue, 1 g of lung was fix)zen/thawed 3-6 times and then mechanically disrupted in 
200 ^il of 293 media. For culture of BAL and monkey nasal brushings, the cell suspension 
was spun for 5 min and the supernatant was collected. Fifty ^l of the supernatant was added 
in duplicate to 293 cells grown in 96 well plates at 50% confluence. The 293 cells were 

2 5 incubated for 72 hr at 3 7*C, then fixed with a mixture of equal parts of methanol and acetone 
for 10 «iin and incubated with FTTC-labeled anti-adenovirus monoclonal antibodies 
(Chemicon, Light Diagnostics, Temecuca, CA) for 30 min. Positive nuclear 
immunofluorescence was interpreted as positive culture. The sensitivity of the assay was 
evaluated by adding dilutions of Ad2/CFTR-1 to 50 ^il of the lung homogenate ftom one of 
. 30 the control rats. Viral replication was detected when as little as 1 pfii was added. 

RESULTS 

Ffficflgy nf Ad2/CFTR.1 in the lungs of cotton rats. 

To test the ability of Ad2/CFTR-1 to transfer CFTR cDNA to the intrapulmonary 
35 airway epithelium, several studies were performed. 4 x 10 pfii - lU of Ad2/CFTR-1 in 100 ^l 
was adminstered to seven cotton rats; three control rats received 100 \k\ of TBS (the vehicle 
for the virus). The rats were sacrificed 4, 10 or 14 days later. To detect viral transcripts 
encoding CFTR, reverse transcriptase was used to prepare cDNA from lung homogenates. 
The cDN A was amplified with PCR using primers that span adenovirus and CFTR-cncoded 
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sequences. Thus, the procedure did not detect endogenous rat CFTR. Figure 16 shows that 
the lungs of animals which received Ad2/CFTR- 1 were positive for virally-encoded CFTR 
mRNA. The lungs of all control rats were negative. 

To detect the protein, lung sections were inununostained with antibodies specific to 
5 CFTR. CFTR was detected at the apical membrane of bronchial epithelium fiom all rats 
exposed to Ad2/CFTR-1 , but not from control rats. The location of recombinant CFTR at the 
apical membrane is consistent with the location of endogenous CFTR in himian airway 
epithelium. Recombinant CFTR was detected above background levels because endogenous 
levels of CFTR in airway epithelia are very low and thus, difBcult to detect by 
10 immunocytochemistty (Trq>nell, B. et al. (1991) Proc. Natl Acad Set USA 88:6565-6569; 
Penning, G.M. et al. (1992) J. Cell Biol 118:551-59). 

These results show Aat Ad2/CFTR*1 directs the expression of CFTR mRNA in the 
lung of the cotton rat and CFTR protein in the intrapuhnonary airways. 

15 Safetv of Ad2/CFTR>1 in cotton rats. 

Because the El region of Ad2 is deleted in the Ad2/CFTR-1 virus, the vector was 
expected to be replication-impaired (Berimer, K.L. (1988) BioTechniques 6:616-629) and that 
it would be unable to shut off host cell protein synthesis (Basuss, L.E. et al. (1989) J, Virol 
50:202-212). Previous in vitro studies have suggested that this is the case in a variety of cells - 

20 including primaxy cultures of human airway epithelial cells (Rich, D.P. et al. (1 993) Human 
Gene Therapy 4:461 -476). However, it is in4>ortant to confirm this in vivo in the cotton rat, 
which is the most permissive animal model for human adenovirus infection (Ginsberg, H.S. 
et al. (1989) Proc. Natl Acad. Sci USA 86:3823-3827; Prince, GA. et al. (1993) J. Virol 
67:101-1 1 1). Although dose of virus of 4.1 x 10^0 pfijs per kg was used, none of the rats 

25 died. More importantly, extracts from lung homogenates fix>m each of the cotton rats were 
cultured in the permissive 293 cell line. With this assay 1 pfu of recombinant virus was 
detected in lung homogenate. However, virus was not detected by culture in the lungs of any 
of the treated animals. Thus, the virus did not appear to replicate in vfvo. 

It is also possible that administration of Ad2/CFTR-1 could cause an inflammatory 
. 30 response, either due to a direct efiTect of the vims or as a result of administration of viral 
particles. Several studies were performed to test this possibility. None of the rats had a 
change in the total or differential white blood cell count, suggesting that there was no major 
systemic inflammatory response. To assess the pulmonary inflammatory response more 
directly, bronchoalveolar lavage was performed on each of the rats (Figures 17A and 17B). 

35 Figure 17A shows that there was no change in the total number of cells recovered from the 
lavage or in the differential cell count. 

Sections of the lung stained by H&E were also prepared. There was no evidence of 
viral inclusions or any other changes characteristic of adenoviral infection (Prince, G.A. et al. 
(1993) J. Virol 67:101*1 1 1). When coded lung sections were evaluated by a skilled reader 
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who was unaware of vdiich sections were treated* she was unable to distinguish between 
sections from the treated and untreated lungs. 

It seemed possible that the recombinant adenovirus could escape from the lung into 
other tissues. To test for this possibility, other organs from the rats were evaluated using 
5 nested PCR to detect viral DNA. All organs tested from infected rats were negative, with the 
exception of small bowel which was positive in 3 of 7 rats. Figure 1 8 shows the results of 2 
infected rats and one control rat sacrificed on day 4 after infection. The organ homogenates 
£ix>m the iiifected rats sacrificed were negative for Ad2/CFTR-1 with the exception of the 
small bowel. Organ homogenates from control rats sacrificed on day 4 after infection were 

10 negative for Ad2/CFTR-1 . The presence of viral DNA in the small bowel suggests that the 
rats may have swallowed some of the virus at the time of instillation or, alternatively, the 
normal airway clearance mechanisms may have resulted in deposition of viral DNA in the 
gastrointestinal tract Despite the presence of viral DNA in homogenates of small intestine, 
none of the rats developed diartfaea. This result suggests that if the virus expressed CFTR in 

IS the intftgriniii epitfaelitmi, there was no obvious adverse consequence. 

Repeat administratinn nf Ad2/CFTR-1 to cotton rats 

Because adenovirus DNA integration into chromosomal DNA is not necessary for 
gene expression and only occurs at very low frequency, expression following any given 

20 treatment was anticipated to be finite and that repeated administration of recombinant 

adenovirus would be required for treatment of CP airway disease. Therefore, the effect of 
repeated administration of Ad2/CFTR-1 cotton rats was examined. Twelve cotton rats 
received 50 ^1 of Ad2/CFTR-1 . Two weeks later, 9 of the rats received a second dose of 50 |i 
1 of Ad2/CFTR-I and 3 rats received 50 jil of TBS. Rats were saaificed on day 3, 7, or 14 

25 after virus administration. At the time of the second vector administration all cotton rats had 
an increased antibody titer to adenovirus. 

After the second intrapulmonary administration of virus, none of the rats died. 
Moreover, the results of studies assessing safety and efiicacy were similar to results obtained 
in animals receiving adenovirus for the first time. Viral cultures of rat lung homogenates on 
. 30 293 cells were negative at all tune points, suggesting that there was no virus replication. 
There was no difinsrence between txeated and control rats in ihe total or differential white 
blood count at any of the time points. The lungs were evaluated by histologic sections 
stained with H&E; and found no observable differences between the control and treated rats 
when sections were read by us or by a blinded skilled reader. Examples of some sections are 

35 shown in Figure 1 9. When organs were examined for viral DNA using PCR, viral DNA was 
found only in the small intestine of 2 rats. Despite seropositivity of the rats at the time of the 
second administration, expression of CFTR (as assessed by RT-PCR and by 
immunocytochemistry of sections stained with CFTR antibodies) similar to that seen in 
animals that received a single administration was observed. 
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These results suggest that prior administration of Ad2/CFTR-1 and the development 
of an antibody response did not cause an inflammatory response in the rats nor did it prevent 
virus-dependent production of CFTR. 



5 Evidence that Ad2/CFTR-1 expresses CFTR in primate airway giithelhim 

The cells lining the respiratory tract and the immime system of primates are similar to 
those of himians. To test the ability of Ad2/CFTR-1 to transfer CFTR to the respiratory 
epithelium of primates, Ad2/CFTR was ^plied on three occasions as described in the 
methods to the nasal epithelium of tiiree Rhesus monkeys* To obtain cells fiom the 
1 0 respiratory q>ithelium, the epithelium was brushed using a procedure similar to that used to 
sample the airway epitiielium of humans during fiberoptic bronchoscopy. 

To assess gene transfer, RT-PCR was used as described above for the cotton rats. RT 
- PCR was positive on cells brushed from the right nostril of all three monkeys, although it 
was only detectable for 18 days after virus administration. An example of the results are 
1 5 shown in Figure 20A. The presence of a positive reaction in cells from the left nostril most 
likely represents some virus movement to the left side due to drainage, or possibly fix>m the 
monkey moving the virus from one nostril to the other with its fingers after it recovered from 
anesthesia. 

The specificity of the RT-PCR is shown in Figure 20B. A Southern blot with a probe 

20 to CFTR hybridized with the RT-PCR product from the monkey infected with Ad2/CFTR-1 . 
As a control, one monkey received a different virus (Ad2/pGal-l) which encodes P- 
galactosidase. When different primers were used to reverse transcribe the p-galactosidase 
mRNA and amplify the cDNA, the appropriate PCR product was detected. However, the 
PCR product did not hybridize to the CFTR probe on Southern blot. This result shows the 

25 specificity of the reaction for ampiification of the adenovirus-directed CFTR transcript 
The fiulure to detect evidence of adenovirus-encodedCFni mRNA at 18 days or 
beyond suggests that the sensitivity of the RT-PCR may be low because of limited efficacy of 
the reverse transcriptase or because RNAses may have degraded RNA after cell acquisition. 
Viral DNA, however, was detected by PCR in brushings from the nasal epithelium for 

30 seventy days after application of the virus. This result indicates that although mRNA was not 
detected after 2 weeks, viral DNA was present for a prolonged period and may have been 
transcriptionally active. 

To assess the presence of CFTR proteins directly, cells obtained by brushing were 
plated onto slides by cytospin and stained with antibodies to CFTR. Figure 21 shows an 

35 example of the inununocytpchemistry of the brushed cells. A positive reaction is clearly 
evident in cells exposed to Ad2/CFTR-1. The cells were scored as positive by 
immunocytochemistry when evaluated by a reader uninformed to the identity of the samples. 
Immunocytochemistry remained positive for five to six weeks for the three monkeys, even 
after the second administration of Ad2/CFTR-1 . On occasion, a few positive staining cells 
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were observed from the contralateral nostril of the monkeys. However, this was of short 
duration, lasting at most one week. 

Sections of nasal turbinate biopsies obtained within a week after the third infection 
were also examined. In sections from the control monkey, little if any immunofluorescence 
5 from the surface epithelium was observed, but the submucosal glands showed significant 
staining of CFTR (Fig. 22). These observations are consistent with results of previous 
studies (Engelhardt, J.F. and Wilson, J.M. (1992) Nature Gen. 2:240-248.) In contrast, 
sections from monkeys that received Ad2/CFTR-1 revealed increased immunofluorescence at 
the 2q>ical membrane of the surface epithelium. The submucosal glands did not appear to 
10 have greater iixununostiaiiiiiig than was observed under control conditioiis. These results 
indicate that Ad2/CFTR-1 can transfer the CFTR cDNA to the airway epithelium of Rhesus 
monkeys, even in seropositive animals (see below). 



Safety of Ad2/CFTR-1 administered to monkevs 

1 S Figure 23 shows that all three treated monkeys developed antibodies against 

adenovfrus. Antibody titers measured by ELISA rose within two weeks aftor the first 
infection. WtSu subsequent infections the titer rose witfiin days. The sendnel monkey had 
low antibody titers throughout the e3q)eriment Tests for the presence of neutralizing 
antibodies were also performed. After the first administration, neutralizing antibodies were 

20 not observed, but they were detected after the second administration and during the third viral 
administration (Fig. 23). 

To detect virus, supematants from nasal brushings and swabs were cultured on 293 
cells. All monkeys had positive cultures on day 1 and on day 3 or 4 from the infected nostril. 
Cultures remained positive in one of the monkeys at seven days after administration, but 

25 cultures were never positive beyond 7 days. Live virus was occasionally detected in swabs 
from the contra lateral nostril during the first 4 days after infection. The rapid loss of 
detectable virus suggests that there was not viral replication. Stools were routinely cultured, 
but virus was never detected in stools from any of the monkeys. 

None of the monkeys developed any clinical signs of viral infection or inflammation. 

30 Visual inspection of the nasal epithelium revealed slight erythema m all three monkeys in 
both nostrils on the first day after infection; but similar erythema was observed in the control 
monkey and likely resulted firom the instrumentation. There was no visible abnormalities at 
days 3 or 4, or on weekly inspection thereafter. Physical examination revealed no fever, 
lymphadenopathy, conjimctivitis, tachypnea, or tachycardia at any of the time points. No 

35 abnormalities were found in a complete blood count or sedimentation rate, nor were 

abnormalities observed in serum electrolytes, transaminases, or blood urea nitrogen and 
creatinine. 

Examination of Wright-stained cells from the nasal brushmgs showed that neutrophils 
and lymphocytes accounted for less than 5% of total cells in all three monkeys. 
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Administration of the Ad2/CFTR-1 caused no change in the distribution or number of 
inflammatory cells at any of the time points following virus administration. H&E stains of 
the nasal turbinate biopsies specimens from the control monkey could not be differentiated 
from that of the experimental monkey v/hen the specimens were reviewed by an independent 
5 pathologist. (Fig. 24) 

These results demonstrate the ability of a recombinant adenovirus encoding CFTR 
(Ad2/CFTR-1) to express CFTR cDNA in the airway epithelium of cotton rats and monkeys 
during repeated administration. They also indicate that qiplication of the virus involves little 
if any risk. Thus, they suggest that such a vector may be of value in expressing CFTR in the 

1 0 airway epi&elium of humans with cystic fibrosis. 

Two methods were used to show that Ad2/CFTR-1 expresses CFTR in the airway 
epithelium of cotton rats and primates: CFTR mRNA was detected using RT-PCR and 
protein was detected by immunocytochemistry. Duration of expression as assessed 
immunocytochemically was five to six weeks. Because very little protein is required to 

15 generate CI' secretion (Welsh, M.J. (1987) PfysioL Rev, 67:1 143-1 184; Trapnell, B.C. et al. 

(1991) Froc, Natl Acad Sci USA 88:6565-6569; Denning, G.M. et al. (1992) J. Cell Biol. 
1 18:551-559), it is likely that fimctional expression of CFTR persists substantially longer 
than the period of time during which CFTR was detected by immunocytochemistry. Support 
for this evidence comes fix>m two consderations: first, it is very difBcult to detect CFTR 

20 immimcytochemically in the airway epithelium, yet the expression of an apical membrane 
CI" permeability due to the presence of CFTR CI* channels is readily detected. The ability 
of a minimal amount of CFTR to have important functional effects is likely a result of the 
fact that a single ion channel conducts a very large niunber of ions (10^ - 10^ ions/sec). 
Thus, ion channels are not usually abundant proteins in epithella. Second, previous work 

25 suggests that the defective electrolyte transport of CF epithelia can be corrected when only 6- 
10% of cells in a CF airway epithelium overexpress wild-type CFTR (Johnson, L.G. et al. 

(1992) Nature Gen. 2:21-25). Thus, correction of the biologic defect in CF patients may be 
possible v^en only a small percent of the cells express CFTR. This is also consistent with 
our previous studies in vitro showing that Ad2/CFTR-1 at relatively low multiplicities of 

30 infection generated a cAMP-stimulated CI" secretory response in CF epithelia (Rich, D.P. et 
al. (1993) Human Gene Therapy 4:461-476). 

This study also provides the first comprehensive data on the safety of adenovirus 
vectors for gene transfer to airway epithelium. Several aspects of the studies are 
encouraging. There was no evidence of viral replication, rather infectious viral particles were 

35 rapidly cleared from both cotton rats and primates. These data, together with our previous in 
vitro studies, suggest that replication of recombinant virus in humans will likely not be a 
problem. The other major consideration for safety of an adenovirus vector in the treatment of 
CF is the possibility of an inflammatory response. The data indicate that the vims generated 
an antibody response in both cotton rats and monkeys. Despite this, no evidence of a 
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systemic or local inflammatory response was observed. The celb obtained by 
bionchoalveolar lavage and by brushing and swabs were not altered by virus application. 
Moreover, the histology of epithelia treated with adenovirus was i n disti ng uis h a b le fix>m that 
of control epithelia. These data suggest that at least three sequratial exposures of airway 
5 epithelium to adenovirus does not cause a detrimental inflammatory response. 

These data suggest that Ad2/CFTR-1 can effectively transfer CFTR cDNA to airway 
epithelium and direct the expression of CFTR. They also suggest that transfer is relatively 
safe in animals. Thus, they suggest that Ad2/CFTR-1 may be a good vector for treating 
patients with CF. This was confirmed in the following mample. 

10 

Rvumple 10 - CFTR Oene Therq py m Fpithelia from Human CF Subjects 

EXPERIMENTAL PROCEDURES 

IS Adenovirus vector 

The recombinant adenovirus Ad2/CFTR-1 was used to deliver CFTR cDNA. The 
construction and preparation of Ad2/CFTR-1, and its use in vitro and in vivo in animals, has 
been previously described (Rich, D.P. et al. (1993) Humm Gene Therapy 4:461-476; Zabner, 
J. et al. (1993) Nature Gen, (in press)). The DNA construct comprises a full length copy of 

20 the Ad2 genome fiom which the early region 1 genes (nucleotides 546 to 3497) have been 
replaced by cDNA for CFTR. The viral Ela promoter was used for CFTR cDNA; this is a 
low to moderate strength promoter. Termination/polyadenylation occurs at the site normally 
used by El b and protein IX transcripts. The E3 region of the virus was conserved. 

25 2sakDi& 

Three padents with CF were studied. Genotype was determined by IG Labs 
(Framingham, MA). All three patients had mild CF as defined by an NIH score > 70 
(Taussig, L.M. et al. (1973) J, Pediatr, 82:380-390), a normal weight for height ratio, a 
forced expiratory volimie in one second (FEVl) greater than 50% of predicted and an arterial 
. 30 PO2 greater than 72. All patients were seropositive for type 2 adenovirus, and had no recent 
viral illnesses. Pretreatment cultures of nasal swabs, pharyngeal swabs, sputum, urine, stool, 
and blood leukocytes were negative for adenovirus. PCR of pretreatment nasal brushings 
using primers for the adenovirus El region v^ere negative. Padents were evaluated at least 
twice by FEVl, cytology of nasal mucosa, visual inspection, and measurement of Vt before 
35 treatment Prior to treatment, a coronal computed tomographic scan of the paranasal sinuses 
and a chest X-ray were obtained. 

The first patient was a 21 year old woman who was diagnosed at 3 months after birth. 
She had pancreatic insuflSciency, a positive sweat chloride test (101 mEq/l), and is 
homozygous for the AF508 mutation. Her NIH score was 90 and her FEVl was 83% 
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predicted. The second patient was a 36 year old man who was diagnosed at the age of 1 3 
when he presented with symptoms of pancreatic insufSciency. A sweat chloride test revealed 
a chloride concentration of 70 mEq/I. He is a heterozygote with the AFS08 and G55ID 
mutations. HisNIH score was 88 and his FEVI was 66% predicted. The third patient was a 
5 50 year old woman, diagnosed at the age of 9 with a positive sweat chloride test (104 mEq/1). 
She has pancreatic insufiSciency and insulin dependent diabetes mellitus. She is homozygous 
for the AFS08 mutation. Her NIH score was 73 and her FEVI was 65% predicted. 

Transcpithelial Yoltflgc 

1 0 The transepithelial electric potential difference across tiie nasal epithelium was 

measured using techniques similar to those previously described (Alton, E.W.F. W. et al 
(1987) Thorax 42:815-817; Knowles, M. et al. (1981) K Eng, X Med 305:1489-1495). A 23 
gauge subcutaneous needle connected with sterile normal saline solution to a silver/silver 
chloride pellet (E.W. Wright, (juilford, CT) was used as a reference electrode. The exploring 

15 electrode was a size 8 rubber catheter (modified Argyle^ Foley catheter, St Louis, MO) with 
one side hole at the tip.. The catheter was filled with Ringer's solution containing (in mM), 
135 NaCl, 2.4 KH2PO2, K2HPO4, L2CaCL2, 1-2 MgCl2 and 10 Hepes (titrated to pH 7.4 
with NaOH) and was connected to a silver/silver chloride pellet. Voltage was measured with 
a voltmeter (Keithley Instruments Inc., Cleveland, OH) connected to a strip chart recorder 

20 (Servocorder, Watanabe Instruments, Japan). Prior to the measurements, the silver/silver 
chloride pellets were connected in series with the Ringer's solution; the pellets were changed 
if the recorded was greater than ±4 mV. The rubber catheter was introduced into the 
nostril under telescopic guidance (Hopkins Telescope, Karl Storz, Tuttiingen West Germany) 
and the side hole of the catheter was placed next to the study area in the medical aspect of the 

25 inferior nasal turbinate. The distance from the anterior tip of the inferior turbinate and the 
spatial relationship with the medial turbinate, the maxillary sinus ostium, and in one patient a 
small polyp, were used to locate the area of Ad2/CFTR-1 administration for measurements. 
Photographs and video recorder images were also used. Basal Vt was recorded until no 
changes in were observed after slow intermittent 100 nl/min infusion of the Ringer's 

30 solution. Once a stable baseline was achieved, 200 ^l of a Ringer's solution containing 100 |i 
M amiloride (Merck and Co. Inc., West Point, PA) was instilled through the catheter and 
changes in were recorded until no further change were observed after intermittent 
instillations. Finally, 200 |il Ringer's solution containing 100 ^M amiloride plus 10 
terbutaline (Geigy Pharmaceuticals, Ardsley, NY) was instilled and the changes in were 

35 recorded. 

Measurements of basal Vt were reproducible over time: in the three treated patients, 
the coefBcients of variation before administration of Ad2/CFTR-1 were 3.6%, 12%, and 
12%. The changes induced by terbutaline were also reproducible. In 30 measurements in 9 
CF patients, the terbutaline-induced changes in (AV^) ranged fix)m 0 mV to +4 mV; 
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hyperpolarizadon of Vt was never observed. In contrast, in 7 normal subjects AVt ranged 
fiom -1 mV to -5 mV; hypeipolarization was always observed. 

Ad2/CFTR-1 application and cell acquisition 
5 The patients were taken to the operating room and monitoring was commenced using 

continuous EKG and pulse oximetry recording as well as automatic intermittent blood 
pressure measurement. After mild sedation, the nasal mucosa was anesthetized by atomizing 
0.5 ml of S% cocaine. The mucosa in the area of the inferior turbinate was then packed with 
cotton pledgets previously soaked in a mixture of 2 ml of 0.1% adrenaline and 8 ml of 1% 

10 tetracaine. The pledgets remained in place for 10-40 min. Using endoscopic visualization 
with a television monitoring system, the q)plicator was introduced through the nostril and 
positioned on the medial aspect of the inferior turbinate, at least three centimeters from its 
anterior tip (Figures 25 A-25I). The viral suspension was infused into the applicator through 
cormecting catheters. The position of the applicator was monitored endoscopically to ensure 

1 5 that it did not move and that enough pressure was s^plied to prevent leakage. After the virus 
was in contact with the nasal epithelitmi for thirty minutes, the viral suspension was removed, 
and the qq>licator was withdrawn. In the diird patient's right nasal cavity, the virus was 
applied using the modified Foley catheter used for Vt measurements. The catheter was 
introduced without anesthetic under endoscopic guidance until the side hole of the catheter 

20 was in contact with the area of interest in the inferior turbinate. The viral solution was 

infused slowly until a drop of solution was seen with the telescope. The catheter was left in 
place for thirty minutes and then removed. 

Cells were obtained from the area of virus administration approximately 2 weeks 
before treatment and then at weekly intervals after treatment The mferior turbinate was 

25 packed for 10 mint^ with cotton pledgets previously soaked in 1 ml of 5% cocaine. Under 
mdoscopic control, die area of administration was gently brushed for 5 seconds. The brushed 
cells were dislodged in PBS. Swabs of the nasal epiflielia were collected using cotton tipped 
applicators without anesthesia. Cytospin slides were prepared and stained with Wright's 
stain. Light microscopy was used to assess the respiratory epithelial cells and infl a mm atory 

30 cells. For biopsies, sedatives/anesthesia was administered as described for the application 
procedure. After endoscopic inspection, and identification of the site to be biopsied, the 
sufamucosa vms mjected with 1% xylocame, with 1/100,000 epinephrine. The area of virus 
qjplication on the inferior turbinate was removed. The specimen was fixed in 4% 
formaldehyde and stained. 

35 

RESULTS 

On day one after Ad2/CFTR-1 administration and at all subsequent time points, 
Ad2/CFTR-1 from the nasal epithelium, pharynx, blood, urine, or stool could not be cultured. 
As a control for the sensitivity of the culture assay, samples were routinely spiked with 10 
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and 100 lU Ad2/CFTR-1. In every case, the spiked samples were positive, indicating that, at 
a minimum, 10 lU of Ad2/CFTR should have been detected. No evidence of a systemic 
response as assessed by history, physical examination, serum chemistries or cell coimts, chest 
and sinus X-rays, pulmonary function tests, or arterial blood gases performed before and after 
5 Ad2/CFTR-1 administration. An increase in antibodies to adenovirus was not detectable by 
ELISA or by neutralization for 35 days after treatment. 

Three to four hours after Ad2/CFTR-l^administration, at the time that local anesthesia 
and localized vasoconstriction abated, all patients began to complain of nasal congestion and 
in one case, mild rhinorrhea. These were isolated symptoms that diniinished by 18 hours and 

10 resolved by 28 to 42 hours. Inspection of the nasal mucosa showed mild to moderate 

erythema, edema, and exudate (Figures 2SA-2SC). These physical findings followed a time 
course similar to the symptoms. The physical findings were not limited to the site of virus 
application, even though preliminary studies using the applicator showed that marker 
methylene blue was limited to the area of application. In two additional patients with CP, the 

1 S identical anesthesia and application procedure were used, but saline was applied instead of 
virus, yet the same symptoms and physical findings, were observed in these patients (Figures 
25G-2SI). Moreover, the local anesthesia and vasoconstriction generated similar changes 
even when the applicator was not used, suggesting that the anesthesia/vasoconstriction caused 
some, if not all the injury. Twenty-four hours after the a|q)lication procedure, analysis of 

20 ceils removed fit)m nasal swabs revealed an equivalent increase in the percent neutrophils in 
patients treated with Ad2/CFTR-1 or with saline. One week after application, the 
neutrophilia had resolved in both groups. Respiratory epithelial cells obtained by nasal 
brushing appeared normal at one week and at subsequent time points, and showed no 
evidence of inclusion bodies. To fiirther evaluate the mucosa, the epithelium was biopsied on 

25 day three in the first patient and day one in the second patient Independent evaluation by 
two pathologists not otherwise associated with the study suggested changes consistent with 
mild trauma and possible ischemia (probably secondary to the anesthetic/vasoconstrictors 
used before virus administration), but there were no abnormalities suggestive of virus- 
mediated damage. 

30 Because the application procedure produced some mild injury in the first two patients, 

the method of administration was altered in the third patient. The method used did not 
require the use of local anesthesia or vasoconstriction and which was thus less likely to cause 
injury, but vAdch was also less certain in its ability to constrain Ad2/CFTR-1 in a precisely 
defined area. On the right side, Ad2/CFTR-I was administered as in the first two patients, 

35 and on the left side, the virus was administered without anesthesia or the applicator, instead 
using a small Foley catheter to apply and maintain Ad2/CFTR-1 in a relatively defined area 
by surface tension (Figure 25E). On the right side, the symptoms and physical findings were 
the same as those observed in the first two patients. By contrast, on the left side there were 
no symptoms and on inspection the nasal mucosa appeared nomial (Figiues 25D-25F). Nasal 
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swabs obtained from the right side showed neutrophilia similar to that observed in the first 
two patients. In contrast, the left side which had no anesthesia and minimal manipulation, 
did not develop neutrophilia. Biopsy of the left side on day 3 after administration (Figure 
26), showed morphology consistent with CF- a thickened basement membrane and 
5 occasional polymorphonuclear cells in the submucosa— but no abnormalities that could be 
attributed to the adenovirus vector. 

The first patient developed symptoms of a sore throat and increased cough that began 
three weeks after treatment and persisted for two days. She weeks after treatment she 
developed an exacerbation of her bronchitis/bronchiectasis and hemoptysis that required 

10 hospitalizatiorL The second patient had a transient episode of minimal hemoptysis three 
weeks after treatment; it was not accompanied by any other symptoms before or after the 
episode. The third patient has an exacerbation of bronchitis three weeks after treatment for 
which she was given oral antibiotics. Based on each patient's pretreatment clinical history, 
evaluation of the episodes, and viral cultures, no evidence could be discerned that linked 

1 5 these episodes to administration of Ad2/CFTR- 1 . Rather the episodes appeared consistent 
with the normal course of disease in each individual. 

The loss of CFTR CI~ channel function causes abnormal ion transport across affected 
epithelia, which in turn contributes to the pathogenesis of CF-^associated airway disease 
(Boat, T.F. et al. in The Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., 

20 McGraw-ffiU, New York (1989); Quinton, P J^. (1990) FASEB J. 4:2709-2717). In airway 
epithelia, ion transport is dominated by two electrically conductive processes: amiloride- 
sensitive absorption of Na"*" from the mucosal to the submucosal surface and cAMP- 
stimulated CI' secretion in the opposite direction. (Quinton, P.M. (1990) FASEB J. 4:2709- 
2717; Welsh, MJ. (19BT) Physiol. Rev. 67:1143-1184). These two transport processes can be 

25 assessed noninvasively by measuring the voltage across the nasal epithelium (Vt) in vivo 
(Knowles, M. et al (1981) K Eng. 1 Med 305:1489-1495; Alton, E.W.F.W. et al.(1987) 
Thorax 42:815-81 7). Figure 27 shows an example from a normal subject. Under basal 
conditions, Vt was electrically negative (lumen referenced to the submucosal surface). 
Perfusion of amiloride (100 ^M) onto the mucosal surface inhibited Vt by blocking apical 

30 Na+ channels (Knowles, M. et al (1981) K Eng. J. Med 305:1489-1495; Quinton, P.M. 
(1990) 4:2709-2717; Welsh, M.J. (1992) Afewrow 8:821-829), Subsequent 

perfusion of terbutaline (10 |ilM) a p-adrenergic agonist, hyperpolarized Vt by increasii^ 
cellular levels of cAMP, opening CFTR CI' channels, and stimulating chloride secretion 
(Quinton, P.M. (1990) FASEB J. 4:2709-2717; Welsh, M.J. et al. (1992) Neuron 8:821-829). 

35 Figure 28A shows results fix)m seven normal subjects: basal Vt was -10.5 ± l.OmV, and in 
the presence of amiloride, terbutaline hyperpolarized Vt by -2.3 ± 0.5mV. 

In patients with CF, Vt was more electrically negative than in normal subjects (Figure 
28B), as has been previously reported (Knowles, M. et al. (1981) N. Eng. J. Med 305:1489- 
1495). Basal Vt was -37.0 ± 2.4 mV, much more negative than values in normal subjects (P< 
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0.001). (Note the difference in scale in Figure 28A and Figure 28B). Amiloride inhibited Vt, 
as it did in normal subjects. However, failed to hyperpolarize \^en terbutaline was 
perfused onto the epithelium in the presence of amiloride. Instead, either did not change 
or became less negative: on average depolarized by +1 .8 ± 0.6 mV, a result very different 
5 from that observed in nomaal subjects. (P<0.001). 

After Ad2/CFTR-1 was applied, basal Vt became less negative in all three CF 
patients: Figure 29A shows an example from the third patient before (Figure 29A) and after 
(Figure 29B) treatment and Figures 30A, 30C, and 30E show the time course of changes in 
basal Vt for all three patients. The decrease in basal Vf suggests that application of 

10 Ad2/CFTR-1 corrected the CF electolyte transport defect in nasal epithelium of all three 
patients. Additional evidence came from an examination of the response to terbutaline. 
Figure 30B shows that in contrast to the response before Ad2/CFTR-1 was applied, after 
virus replication, in the presence of amiloride, terbutaline stimulated Vf. Figures 30B, 30D, 
and 30F show the time course of the response. These data indicate that Ad2/CFTR-1 

15 corrected the CF defect in CI* transport. Correction of the CI" transport defect caimot be 
attributed to the anesthesia/application procedure because it did not occur in patients treated 
with saline instead of Ad2/CFTR-1 (Figure 3 1 ). Moreover, the effects of the anesthesia were 
generalized on the nasal mucosa, but basal Vt decreased only in the area of virus 
administration. Finally, similar changes were observed in the left nasal mucosa of the third 

20 patient (Figures 30E and 30F), which had no symptomatic or physical response after the 
modified application procedure. 

Unsuccessfril attempts were made to delect CFTR transcripts by reverse transciptase- 
PCR and by immunocytochemistry in cells from nasal brushings and biopsies. Although 
similar studies in animals have been successful (Zabner, J. et al. (1993) Nature Gen, (in 

25 press)), those studies used much higher doses of Ad2/CFTR-1. The lack of success in the- 
present case likely reflects the small amount of available tissue, the low MOI, the &ct that 
only a fraction of cells may have been corrected, and the frict that Ad2/CFTR-1 contains a 
low to moderate strength promoter (Ela) which produces much less mKNA and protein than 
comparable constructs using a much stronger CMV promoter (unpublished observation). The 

30 Ela promoter was chosen because CFTR normally expressed at very low levels in airway 
epitiielial cells (Trapnell, B.C. et al. (1991) Proc. Natl Acad Set USA 88:6565-6569). It is 
also difficult to detect CFTR. protein and mKNA in normal himian airway epithelia, although 
function is readily detected because a single ion channel can conduct a very large number of 
ions per second and thus efficientiy support CI* transport. 

35 With time, the electrical changes that indicate correction of the CF defect reverted 

toward pretreatment values. However, the basal Vt appeared to revert more slowly than did 
the change in Vt produced by terbutaline. The significance of this difference is unknown, but 
it may reflect the relative sensitivity of the two measurements to expression of normal CFTR. 
In any case, this study was not designed to test the duration of correction because the treated 
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area was nmoved by biopsy on one side and the nasalmucosa on the other side was brushed 
to obtain cells for analysis at 7 to 1 0 days after virus administration, and then at 
^proximately weekly intervals. Brushing the mucosa removes cells, disn^ts the epithelium, 
and reduces basal Vt to zero for at least two days afterwards, tiius preventing an accurate 
S as se ssing"* of duration of the effect of Ad2/CFTR- 1 . 

Ffficacv of B riennvirus-meriiftted yene transfer. 

The major conclusion of Ais study is that fti vivo qiplication of a recombinant 
adenovirus encoding CFTR can correct the defwA in airway epithelial CI- transport that is 

10 characteristic of CF epitiielia. 

Complonentation of the CI" channel defect in human nasal epithelium could be 
measured as a change in basal voltage and as a change in the response to cAMP agonists. 
Although the protocol was not designed to estabUsh duration, changes in these parameters 
were detected for at least three weeks. These results rqnesent the first report that 

15 administration of a recombinant adenovirus to humans can conect a genetic lesion as 
measured by a functional assay. This study contrasts wi4 most earlier attempts at gene 
transfer to humans, in that a reambinant viral vector was administered directly to humans, 
rather than using a in vitro protocol involving removal of cells fiwm the patient, transduction 
of &e cells in culture, followed by reintroduction of the cells into the patient. 

20 Evidence that the CF CI- transport defect was corrected at all three doses of virus, 

corresponding to 1 , 3, and 25 MOI, was obtained. This result is consistent with earUer 
studies showing that simUar MOIs reversed the CF fluid and electrolyte transport defects in 
primary cultures of CF airway ceUs grown as epilhelia on permeable filter siqiports (Rich, 
D.P. et al. (1993) Human Gene Therapy 4:461-476 and Zabner et al. submitted for 

25 publication): at an MOI of less than 1, cAMP-stimulated CI" secretion was partially restored, 
and after treatment with 1 MOI Ad2/CFTR-1 cAMP agonists stimulated fluid secretion that 
was within the range observed in epithelia from normal subjects. At an MOI of 1, a related 
adenovirus vector produced p-galactosidase activity in 20% of infected epithelial ceUs as 
assessed by fluorescence-activated ceU analysis (Zabner et al. submitted for piibUcation). 

30 Such data would imply that pharmacologic dose of adenovirus in CF airways might 

correspond to an MOI of one. If it is estimated that there are 2x10^ cells/cm2 in the airway 
(Mariassy, A.T. in Comparative Biology of the Normal Lung (CRC Press, Boca Raton 1992), 
and that the airways from the trachea to the respiiatoiy bronchioles have a surface area of 
1400 cm2 (Weibel, E.R. Morphometry of the Human Lung (Springer Verlag, Heidelberg, 

35 1 963) then there would be approximately 3x1 0^ potential target cells. Assuming a particle to 
lU ratio of 100, this would correspond to approximately 3x10^ 1 particles of adenovirus with 
a mass of approximately 75 ^g. WhUe obviously only a crude estimate, such information is 
usefiil in designing animal experiments to establish the likely safety profile of a human dose. 
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It is possible that an efficacious MOI of recombinant adenovirus could be less than 
the lowest MOI tested here. Some evidence suggests that not all cells in an epithelial 
monolayer need to express CFTR to correct the CF electrolyte transport defects. Mixing 
experiments showed that when perhaps 5-10% of cells overexpress CFTR, the monolayer 
5 exhibits wild-type electrical properties (Johnson, L.G. et al. (1 992) Nature Gen 2:21-25). 
Studies using liposomes to express CFTR in mice bearing a disrupted CFTR gene also 
suggest that only a small proportion of cells need to be corrected (Hyde, S.C. et al. (1 993) 
Nature 362:250-255). The results referred to^aboye^using airway epithelial monolayers and 
multiplicities of Ad2/CFTR<-1 as low as 0.1 showed measurable changes in Cl~ secretion 
10 (Rich, D.P. et al. (1993) Human Gene Therc^ 4:461-476 and Zabner et al. submitted for 
publication). 

Given the very high sensitivity of electrolyte transport assays (which result because a 
single Cl~ channel is c£q>able of transporting large numbers of ions/sec) and the low activity 
of the Ela promoter used to transcribe CFTR, the inability to detect CFTR protein and CFTR 

15 mRNA are perhaps not surprising. Although CFTR mRNA could not be detected by reverse 
transcriptase-PCR, Ad2/CFTR-1 DNA could be^detected in the samples by standard PCR , 
demonstrating the presence of input DNA and suggesting that the reverse transcriptase 
reaction may have been suboptimal. This could have occurred because of &ctors in the tissue 
that inhibit the reverse transcriptase. Although there is little doubt that the changes in 

20 electrolyte transport measured here result from expression of CFTR, it remains to be seen 
whether this will lead to measurable clinical changes in lung function. 

Stfety consiidgiratiQns. 

Application of the adenovirus vector to the nasal epithelium in these three patients 

25 was well-tolerated. Although mild inflamniation was observed in the nasal epithelium of all • 
three patients following administration of Ad2/CFTR-1 , similar changes were observed in 
two volunteers who underwent a sham procedure using saline rather than the viral vector. 
Clearly a combination of anesthetic- and procedure-related trauma resulted in the changes in 
the nasal mucosa. There is insufficient evidence to conclude that no mflammation results 

30 from virus administration. However, using a modified administration of the highest MOI of 
virus tested (25 MOI) in one patient, no inflammation was observed under conditions that 
resulted in evidence of biophysical efficacy that lasted until the area was removed by biopsy 
at three days. 

There was no evidence of replication of Ad2/CFTR-1 . Earlier studies had established 
35 that replication of Ad2/CFTR-1 in tissue culture and experimental animals is severely 

impaired (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476; Zabner, J. et al. (1993) 
Nature Geru (in press)). Replication only occurs in cells that supply the missing early 
proteins of the El region of adenovirus, such as 293 cells, or under conditions where the El 
region is provided by coinfection with or recombination with an El-containing adenovirus 
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(Graham, F.L. and Prevec, L. Vaccines: New Approaches to Immunological Problems (R.W. 
Ellis, ed., Boston, Butterworth-Heinermann, 1992); Bericner, K.L. (1988) Biotechniques 
6:616-629). The patients studied here were seropositive for adenovirus types 2 and 5 prior to 
the study were negative for adenovirus upon culture of nasal swabs prior to administration of 
5 Ad2/CFTR-1 , and were shown by PGR methods to lack endogenous El DNA sequences such 
as have been reported in some human subjects (Matsuse T. et al. (1992) Am. Rev. Respir Dis, 
146:177-184), 

Kvample 1 1 - Constmrrinn utid Packaying nf Pseudo Adenoviral Vector fPAVt 

1 0 Wiih reference to Figure 32, the PAV construct was made by inserting the Ad2 

packaging signal and El enhancer region (0-358 nt) in Bluescript II SK- (Stratagene, LaJoIla, 
CA). A variation of this vector, known as PAV II was constructed similarly, except the Ad2 
packaging signal and El enhancer region contained 0-380 nt. The addition of nucleotides at 
the 5* end results in larger PAVs, which may be more efficiently packaged, yet would include 

1 5 more adenoviral sequences and therefore could potentially be more immunogenic or more 
equable of replicating. 

To allow ease of manipulation for either the insertion of gene coding regions or 
complete excision and use in transfections for the purpose of generating infectious particles, a 
complementary plasmid was also built in pBluescript SKU-. This complementary plasmid 

20 contains the Ad2 major late promoter (ML?) and tripartite leader (TPL) DNA and an SV40 
T-antig^n nuclear localization signal (NLS) and polyadenylation signal (SVpA). As can be 
seen in Figure 32, this plasmid contains a convenient restriction site for the insertion of genes 
of interest between tiie MLP/TPL and SV40 poly A. This construct is engineered such that 
the entire cassette may be excised and inserted mto the former PAV I or PAV II construct. 

25 Generation of PAV infectious particles was performed by excision of PAV from the 

plasmid with the Ap a 1 and Safi II restriction endonucleases and co-transfection into 293 cells 
(an Ela/EIb expressing ceU line) (Graham, F.L. et al, (1977) J. Gen Virol 36:59-74) witii 
either wild-type Ad2, or packaging/replication deficient helper virus. Purification of PAV 
from helper can be accompanied by CsCl gradient isolation as PAV viral particles will be of a 
. 30 lowerdensity and will band at a higher position in the gradient. 

For gene therapy, it is desirable to generate significant quantities of PAV virion fiiee 
from contaminating helper virus. The primary advantage of PAV over standard adenoviral 
vectors is the ability to package large DNA inserts into virion (up to about 36 kb). However, 
PAV requires a helper virus for replication and packaging and this helper vmis will be the 

35 predominant species in any PAV preparation. To increase the proportion of PAV in viral 
preparation several approaches can be employed. For example, one can use a helper virus 
which is partially defective for packaging into virions (either by virtue of mutations in the 
packaging sequences (Grable, M. and Hearing P. (1992) J. Virol 66: 723-731)) or by vutue 
of its size -viruses witii genome sizes greater than approximately 37.5 kb package 
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inefficiently . In mixed infections with packaging defective virus, PAV would be expected to 
be represented at higher levels in the virus mixture than would occur with non-packaging 
defective helper viruses. 

Another approach is to make the helper virus dependent upon PAV for its own 
S replication. This may most easily be accomplished by deleting an essential gene from the 
helper virus (e.g. IX or a terminal protein) and placing that gene in the PAV vector. In this 
way neither PAV nor the helper virus is capable of independent replication - PAV and the 
helper virus are therefore co-dependent. This should result in higher PAV representation in 
the resulting virus prq)aration. 

10 A third approach is to develop a novel packaging cell line, which is capable of 

generating significant quantities of PAV virion free from contaminating helper virus. A 
novel protein DC, (pIX) packaging system has been developed. This system exploits several 
documented features of adenovirus molecular biology. The first is that adenoviral defective 
particles are known to comprise up to 30% or more of standard wild-type adenoviral 

1 5 preparations. These defective or incomplete particles are stable and contain 1 5-95% of the 
adenoviral genome, typically 15-30%. Packaging of a PAV genome (15-30% of wild-type 
genome) should package comparably. Secondly, stable packaging of fiill-length Ad genome 
but not genomes <9S% required the presence of the adenoviral gene designated pDC. 
The novel packaging system is based on the generation of an Ad protein pIX 

20 expressing 293 cell line. In addition, an adenoviral helper virus engineered such that the El 
region is deleted but enough exogenous material is inserted to equal or slightiy exceed the 
full length 36 kb size. Both of these two constructs would be introduced into the 293/pIX 
cell line as purified DNA. In the presence of pEX, yields of both predicted progeny viruses as 
seen in current PAV/Ad2 production experiments can be obtained. Virus containing lysates 

25 firom these cells can then be titered independentiy (for the marker gene activity specific to 
either vector) and used to infect standard 293 (lacking pDC) at a multiplicity of infection of 1 
relative to PAV. Since research with this line as well as from incomplete or defective particle 
research indicates that fiill length genomes have a competitive packaging advantage, it is 
expected that infection with an MOI of 1 relative to PAV will necessarily eqxiate to an 

30 effective MOI for helper of greater than 1. All cells will presumably contain both PAV (at 
least 1) and helper (greater than 1). Replication and viral capsid production in this cell 
should occur nonnally but only PAV genomes should be packaged. Harvesting these 
293/pIX cultures is expected to yield essentially helper-free PAV. 

35 Example 12 > Construction of Ad2-E4/QRF 6 

Ad2-E4/ORF6 (Figure 33 shows the plasmid construction of Ad2-E4/ORF6) which is 
an adenovirus 2 based vector deleted for all Ad2 sequences between nucleotides 328 1 5 and 
35577. This deletion removes all open reading frames of E4 but leaves the E4 promoter and 
first 32-37 nucleotides of the E4 mRNA intact. In place of the deleted sequences, a DNA 
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fragment encoding ORF6 (Ad2 nucleotides 34082-33 178) which was derived by polymerase 
chain reaction of Ad2 DNA with 0RF6 specific DNA primers 

(Qen2yme oligo. # 2371 - CGGATCCTTTATTATAGGGGAAGTCCACGCCTAC (SEQ. 
ID N0:8) and oligo. #2372 - CGGGATCCATCGATGAAATATGACTACGTCCG (SEQ, 
5 ID N0:9) were inserted). Additional sequences supplied by the oligonucleotides included a 
cloning site at the 5' and 3* ends of the PGR firagment (CM and EamHl respectively) and a 
polyadenylation sequence at the 3' end to ensure correct polyadenylation of the 0RF6 
mRNA. As illustrated in Figure 33, the PGR fragment was first ligated to a DNA fiagment 
mcluding the inverted termmal repeat (TTR) and E4 promoter region of Ad2 (Ad2 nucleotides 

10 35937-35577) and cloned in the bacterial plasmid pBluescript (Stratagene) to create plasmid 
ORF6. After sequencing to verify the integrity of the ORF6 reading firame, the fiagment 
encompassing the ITR and 0RF6 was subcloned into a second plasmid, pAd A E4, which 
contains the 3* end of Ad2 from a Sfl£ I site to the 3* ITR (Ad2 nucleotides 28562-35937) and 
is deleted for all E4 sequences (promoter to poly A site Ad2 positions 32815-35641) using 

15 flanking restriction sites. In this second plasmid, virus expressing only E4 ORF6, pAdORF6 
was cut with restriction enzyme Had and ligated to Ad2 DNA digested with Bad. This EacI 
site corresponds to Ad2 nucleotide 28612. 293 cells were transfected with the ligation and 
the resulting virus was subj ected to restriction analysis to verify that the Ad2 E4 region had 
been substituted with the corresponding region of p AdORF6 and that the only remaining E4 

20 open reading fiame was ORF6. 

A cell line could in theory be established that would fully complement E4 functions 
deleted from a recombinant virus. The problem with this approach is that E4 functions in the 
regulation of host cell protein synthesis and is therefore toxic to cells. The present 
recombinant adenoviruses are deleted for the El region and must be grown in 293 cells which 

25 complement El functions. The E4 promoter is activated by the Ela gene product, and 
therefore to prevent inadvertent toxic expression of E4 transcription of E4 must be tightly 
regulated. The requirements of such a promoter or transactivating system is that in the 
iminduced state expression must be low enough to avoid toxicity to the host cell, but in the 
induced state must be sufficiently activated to make enough E4 gene product to complement 

30 the E4 deleted virus during virus production. 

Frxamplg 13 

An adenoviral vector is prepared as described in Example 7 while substituting the 
phosphoglycerate kinase (PGK) promoter for the Ela promoter. 

35 

Example 14 

An adenoviral vector is prepared as described in Example 1 1 while substituting the 
PGK promoter for the Ad2 major late promoter (ML?). 
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Examnle IS: Generation of Ad2-ORF6/PGK.CFTR 

This protocol uses a second generation adenovirus vector named Ad2-ORF6/PGK- 
CFTR. This virus lacks El and in its place contains a modified transcription unit with the 
PGK promoter and a poly A addition site flanking the CFTR cDNA. The PGK promoter is 
5 of only moderate strength but is long lasting and not subject to shut off. The E4 region of the 
vector has also been modified in that the whole coding sequence has been removed and 
replaced by ORF6, the only E4 gene essential for growth of Ad in tissue culture. This has the 
effect of generating a genome of 101% the size of wild type Ad2. 

The DNA construct comprises a full length copy of the Ad2 genome from which the 

1 0 early region 1 (El ) genes (present at the S' end of the viral genome) have been deleted and 
replaced by an expression cassette encoding CFTR. The expression cassette includes the 
promoter for phosphoglycerate kinase (PGK) and a polyadenyladon (poly A) addition signal 
from the bovine growth hormone gene (BGH). In addition, the E4 region of Ad2 has been 
deleted and replaced with only open reading frame 6 (0RF6) of the Ad2 E4 region. The 

15 adenovirus vector is referred to as AD2-ORF6/PGK-CFrR and is illustrated schematically in 
Figure 34. The entire wild-type Ad2 genome has been previously sequenced (Roberts, R,J., 
(1986) In Adenovirus DNA, W. Oberfler, editor, Matinus NihofF Publishing, Boston) and the 
existing numbering system has been adopted here when referring to the wild type genome. 
Ad2 genomic regions flanking El and E4 deletions, and insertions into the genome are being 

20 completely sequenced. 

The Ad2-ORF6/PGK-CFTR construct differs from the one used in our earlier 
protocol (Ad2/CFTR-1) in that the latter utilized the endogenous El a promoter, had no poly 
A addition signal dircctiy downstream of CFTR and retained an intact E4 region. The 
properties of Ad2/CFTR-1 in tissue culture and in animal studies have been reported (Rich et 

25 al., (1993) Human Gene Therapy 4:461-467; and Zabner et al. (1993) Nature Genetics (in 
Press). 

At the S' end of the genome, nucleotides 357 to 3328 of Ad2 have been deleted and 
replaced with (in order 5' to 3') 22 nucleotides of linker, 534 nucleotides of the PGK 
promoter, 86 nucleotides of linker, nucleotides 123-4622 of the published CFTR sequence 

30 (Riordan et al. (1989) Science 245:1066-1073), 21 nucleotides of linker, and a 32 nucleotide 
synthetic BGH poly A addition signal followed by a final 1 1 nucleotides of linker. The 
topology of the 5' end of the recombinant molecule is illustrated in Figure 34. 

At the 3' end of the genome of Ad2-ORF6/PGK-CFTR, Ad2 sequences between 
nucleotides 32815 and 35577 have been deleted to remove all open reading frames of E4 but 

35 retain the E4 promoter, the E4 cap sites and first 32-37 nucleotides of E4 mRNA. The 
deleted sequences were replaced with a fragment derived by PGR which contains open 
reading frame 6 of Ad2 (nucleotides 34082-33178) and a synthetic poly A addition signal. 
The topology of the 3* end of the molecule is shown in Figtire 34. The sequence of this 
segment of the molecule will be confirmed. The remainder of the Ad2 viral DNA sequence is 



• 
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published in Roberts, RJ. in Adenovirus DNA. (W. Oberfler, Matinus Nihoff Publishing, 
Boston, 1986 ). The overall size of the Ad2-ORF6/PGK-CFTR vector is 36,336 bp which is 
101 .3% of full length Ad2. See Table m for the sequence of Ad2-ORF6/PGK-CFTR. 
The CFTR transcript is predicted to initiate at one of three closely spaced 
5 transcriptional start sites in the cloned PGK promoter (Singer-Sam et al. (1 984) Gene 32:409- 
417) at nucleotides 828, 829 and 837 of the recombinant vector (Singer-Sam et al. (1984) 
Gene 32:409-417). A hybrid 5* untranslated region is comprised of 72, 80 or 81 nucleotides 
of PGK promoter region, 86 nucleotide of linker sequence, and 10 nucleotides derived from 
the CFTR insert Transcriptional termination is expected to be directed by the BGH poly A 

1 0 addition signal at recombinant vector nucleotide SS30 yielding an approximately 4.7 kb 
transcript. The CFTR coding region comprises nucleotides 1010-5454 of the recombinant 
virus and nucleotides 182, 181 or 173 to 4624, 4623, or 4615 of the PGK-CFTR-BGH 
mRNA respectively, depending on which transcriptional initiation site is used. Within the 
CFTR cDNA there are two differences from the published (Riordan et al, cited supra) cDNA 

15 sequence. An A to C change at position 1990 of the CFTR cDNA (published CFTR cDNA 
coordinates) vMch was an error in the original published sequence, and a T to C change 
introduced at position 936. The change at position 936 is translationally silent but increases 
the stability of the cDNA vAiea propagated in bacterial plasmids (Gregory et al. (1990) 
Nature 347:382-386; and Cheng et al. (1990) Cell 63:827-834). The 3* untranslated region of 

20 the predicted CFTR transcript comprises 2 1 nucleotides of linker sequence and 
^proximately 10 nucleotides of synthetic BGH poly A additional signal. 

Although the activity of CFTR can be measured by electrophysiological methods, it is 
relatively difficult to detect biochemically or immunocytochemically, particularly at low 
levels of expression (Gregory et al., cited supra\ and Demung et al. (1992) J. Cell Biol 

25 1 1 8:55 1-559). A high expression level reporter gene encodii^ the E. coli P galactosidase 
protein fused to a nuclear localization signal derived from the SV40 T-antigen was therefore 
constructed. Reporter gene transcription is driven by the powerful CMV early gene 
constitutive promoter. Specifically, the El region of wild type Ad2 between nucleotides 357- 
3498 has been deleted and replaced it with a 5 1 5 bp fragment containing the CMV promoter 

30 and a 3252 bp fragment encoding the P galactosidase gene. 

B^>g„|fft^ry rh««icteristir« Af the FJements of the AD2-ORF6/PGK-CFTR 

In general terms, the vector is similar to several earlier adenovirus vectors encoding 
CFTR but it differs in three specific ways from the Ad2/CFTR-1 construct. 

35 

PGK Promoter 

Transcription of CFTR is from the PGK promoter. This is a promoter of only 
moderate strength but because it is a so-called house keeping promoter we considered it more 
likely to be capable of long term albeit periiaps low level expression. It may also be less 
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likely to be subject to "shut-down" than some of the very strong promoters used in other 
studies especially with retroviruses. Since CFTR is not an abundant protein longevity of 
expression is probably more critical than high level expression. Expression firom the PGK 
promoter in a retrovirus vector has been shown to be long lasting (Apperley et al. (1991 ) 
5 5/oorf78:310-317). 

Polvadenvlation Signal 

Ad2-ORG6/PGK-CFTR contains an exogenous poly A addition signal after the CFTR 
coding region and prior to the protein DC coding sequence of the Ad2 El region. Since 

1 0 protein is believed to be involved in packaging of virions, this coding region was retained. 
Furthermore, since inotein IX is synthesized fix>m a separate transcript with its own promoter, 
to prevent possible promoter occlusion at the protein DC promoter, the BGH poly A addition 
signal was inserted. There is indirect evidence that promoter occlusion can be problematic in 
that Ad2/CMV pGal grows to lower viral titers on 293 cells than does Ad2/pgal-l . These 

1 S constructs are identical except for the promoter used for p galactosidase expression. Since 
the CMV promoter is much stronger than the El a promoter it is probable that abundant 
transcription from the CMV promoter through the P galactosidase DNA into the protein DC 
coding region reduces oqiression of protein DC from its own promoter by promoter occlusion 
and that this is responsible for the lower titer of Ad2/CMV-pgal obtained. 

20 

Alterations of the E4 Region 

A large portion of the E4 region of the Ad2 genome has been deleted for two reasons: 
The first reason is to decrease the size of the vector used or expression of CFTR. Adenovirus 
vectors with genomes much larger than wild type are packaged less efficiently and are 

25 therefore difficult to grow to high titer. The combination of the deletions in the El and E4 
regions in Ad2-ORF6/PGK-CFTR reduce the genome size to 101% of wild type. In practice 
it is straightforward to prepare high titer lots of this virus. 

The second reason to remove E4 sequences relates to the safety of adenovirus vectors. 
A goal of these studies is to remove as many viral genes as possible to inactive the Ad2 virus 

30 backbone in as many ways as possible. The OF 6/7 gene of the E4 region encodes a protein 
that is involved in activation of the cellular transcription factor E2-F which is in turn 
implicated in the activation of the E2 region of adenovirus (Hemstrom et al. (1991) J ViroL 
65:1440-1449). Therefore removal of ORF6/7 from adenovirus vectors may provide a further 
margin of safety at least when grown in non-proliferating cells. The removal of the El region 

35 already renders such vectors disabled, in part because Ela, if present, is able to displace E2-F 
firom the retinoblastoma gene product, thereby also contributing to the stimulation of E2 
transcription. The 0RF6 reading firame of Ad2 was added back to the El -E4 backbone of the 
Ad2-ORF6/PGK-CFTR vector because ORF6 function is essential for production of the 
recombinant virus in 293 cells. 0RF6 is believed to be involved in DNA replication, host 
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cell shut off and late mRNA accumulation in the nonnai adenovirus life cycle. The E1-E4- 
ORFd"^ backbone Ad2 vector does replicate in 293 cells. 

The promoter/enhancer use to drive transcriptioa of ORF6 of E4 is the endogenous E4 
promotar. This promoter requires Ela for activation and contains Ela core enhancer 
5 elements and SPl transcription fector binding sites (reviewed in Bwk, A.J. (1986) Arm. Rev. 
Genet. 20:75-79). 

Rgp Hicatinn Origin 

Tlie only repUcation origins present in Ad2-ORF6/PGK-CFTR are tfiose present in 
10 the Ad2 parent genome. Replication of Ad2-ORF6/PGK-CFTR sequences has not been 
detected except v/hea complemented with wild type El activity. 

RtfiT "'^ ^^'^ Construct 

Construction of the recombinant Ad2-ORF6/PGK-CFTR virus was accomplished by 

15 in VIVO recombination of Ad2-ORF6 DNA and a plasmid containing the 5* 10.7 kb of 
adenovirus engineered to have an ejqjression cassette encoding the human CFTR cDNA 
driven by the PGK promoter and a BGH poly A signal in place of the El coding region. 

The generation of the plasmid, pBRAd2A»GK-CFTR is described here. The starting 
plasmid contains an approximately 7.5 kb insert cloned into the Clal and BamHI sites of 

20 pBR322 and comprises the first 10,680 nucleotides of Ad2 with a deletion of the Ad2 
sequences between nucleotides 356 and 3328. This plasmid contains a CMV promoter 
inserted into the CM and Spfil sites at the region of the El deletion and is designated 
pBRAd2/CMV. The plasmid also contains die Ad2 5' ITR, packaging and repUcation 
sequences and El enhancer. The El promoter, Ela and most of Elb coding region has been 

25 deleted. The 3' terminal portion of the Elb coding r^on coincides with the pDC promoter 
which was retained. The CMV promoter was removed and replaced witii die PGK promoter 
as a Clal and Spfil fragment from the plasmid PGK-GCR. The resulting plasmid, 
pBRAd2/PGK, was digested with AvrlT and BstEl and the excised fragment replaced witii tiie 
Spel to EstBI fragment from the plasmid construct pAd2Ela/CFrR. This transferred a 

30 fragment containing tiie CFTR cDNA, BGH poly A signal and the Ad2 genomic sequences 
from 3327 to 10,670. The resulting plasmid is designated pBRAd2/PGK-CFTR. The CFTR 
cDNA fragment was originally derived from tiie plasmid pCMV-CFTR-936C using 
restriction enzymes Spfil and RdnfiH. pCMV.CFTR-936C consists of a minimal CFTR 
cDNA encompassing nucleotides 123-4622 of tiie published CFTR sequence cloned into tiie 

35 multiple cloning site of pRC/CMV (Invitrogen Corp.) using syntiietic linkers. The CFTR 
cDNA witiiin this plasmid has been completely sequenced. 

The Ad2 backbone virus witii tiie E4 region tiiat expresses only open reading frame 6 
was constructed as follows. A DNA fragment encoding ORF6 (Ad2 nucleotides 34082- 
33 1 78) was derived by PCR witii ORF6 specific DNA primers. Additional sequences 
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supplied by the oligonucleotides include cloning sites at the 5* and 3* ends of the PCR 
fragment (£lal and BamHI respectively) and a poly A addition sequence AATAAA at the 3' 
end to ensure correct polyadenylation of ORF6 xnRNA. The PCR fragment was cloned into 
pBluescript (Stratagene) along with an Ad2 fragment (nucleotides 35937-3SS77) containing 
5 the inverted terminal repeat, E4 promoter, E4 mRNA cap sites and first 32-37 nucleotides of 
E4 mRNA to create pORF6. A Sall-BjamHI fragment encompassing the ITR and ORF6 was 
used to replace the Sall-BamHI fragment encompassing the ITR and E4 deletion in pAdAE4 
contains the 3* end of Ad2 from a Sfifil site to the 3' ITR (nucleotides 27123-35937) and is 
deleted for all E4 sequences including the promoter and poly A signal (nucleotides 32815- 
10 35641). The resulting construct, pAdE40RF6 was cut with Pad and ligated to Ad2 DNA 
digested with £a£l nucleotide 28612). 293 cells were transfected with the ligation reaction to 
generate virus containing only open reading frame 6 from the E4 region. 

In Vitro Studies with AdZ-QRTe/PGK-CFTR 

15 The ability of Ad2-ORF6/PGK-CFTR to express CFTR in several cell lines, including 

human HeLa cells, human 293 cells, and primary cultures of nonnal and CF human airway 
epithelia was tested. As an example, the results from the human 293 cells is related here. 
When human 293 cells were grown on culture dishes, the vector was able to transfer CFTR 
cDN A and express CFTR as assessed by immunopredpitation and by fimctional assays of ' 

20 halide efflux. Gregory, R.J. et al. (1990) Nature 347:382-386; Cheng, S.H. et al. (1990) Cell 
63:827-834. More specifically, procedures for preparing cell lysates, immunoprecipitation of 
proteins using anti-CFTR antibodies, one-dimensional peptide analysis and SDS- 
polyacrylamide gel electrophoresis were as described by Cheng et al. Cheng, S.H. et al. 
(1990) Cell 63:827-834. Halide efflux assays were performed as described by Cheng, S.H. et 

25 al. (1991) Cell 66:1027-1036. cAMP-stimulated CFTR chloride channel activity was ^ 
measured using the halide sensitive fluorophore SPQ in 293 cells treated with 500 lU/cell 
Ad2-ORF6/PGK-CFTR. Stimulation of the infected cells with forskolin (20 ^M) and IBMX 
(100 )im) increased SPQ fluorescence indicating the presence of fimctional chloride channels 
produced by the vector. 

30 Additional studies using primary cultures of himian airway (nasal polyp) epithelial 

cells (fix)m CF patients) infected with Ad2-ORF6/PGK-CFTR demonstrated that Ad2- 
ORF6/PGK-CFTR infection of the nasal polyp epithelial cells resulted in the expression of 
cAMP dependent Cr channels. Figure 35 is an example of the results obtained from such 
studies. Primary cultures of CF nasal polyp epithelial cells were infected with Ad2- 

35 ORF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. Three days post infection, monlayers 
were mounted in Ussing chambers and short-circuit current was measured. At the indicated 
times: (1) 10 amiloride, (2) cAMP agonists (10 forskolin and 100 IBMX), and 
(3) 1 mM diphenylamine-2-carboxylate were added to the mucosal solution. 
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Tn Vivn Studies with Ad2-ORF6/PGK-CFTR 



Vims prqparation 

Two preparations of Ad2-ORF6/PGK-CFTR virus were used in this study. Both were 
5 prepared at Genzyme Corporation, in a Research Laboratory. The preparations were purified 
on a CsCl gradient and then dialyzed against tris-bufiered saline to remove the CsCl. The 
preparation for the first administration Got #2) had a titer of 2 x 10^0 lU/ml. The preparation 
for the second administration Got #6) had a titer of 4 x lO^O lU/ml. 



10 Animals 

Three female Rhesus monkeys, Macaca mulatto, were used for this study. Monkey C 
(#20046) weighed 6.4 kg. Monkey D (#20047) weighed 6.25 kg. Monkey E (#20048) 
weighed 10 kg. The monkeys were housed in the University of Iowa at least 360 days before 
the start of the study. The animals were niaintaincd with free access to food and water 

15 throughout the study. The animals were part of a safisty study and efficacy study for a 
different viral vector (Ad2/CFTR- 1 ) and ftey were exposed to 3 nasal viral instillation 
throughout the year. The previous instillation of Ad2/CFTR-1 was performed 1 1 6 days prior 
to the initiation of this study. All three Rhesus monkeys had an anti-adenoviral antibody 
response as detected by ELISA after each viral instillation. There are no known contaminants 

20 that are expected to interfere with the outcome of this study. Fluorescent lighting was 
controlled to automatically provide alternate light/dark cycles of approximately 12 hours 
each. The monk^s were housed in an isolation room in sqparate cages. Strict respiratory 
and body fluid isolation precautions were taken. 

25 Vims administration 

For application of the virus, the monkeys were anesthetized by intramuscular injection 
of ketamine (1 5 mg/kg). The entire epithelium of one nasal cavity in each monkey was used 
for this study. A foley catheter (size 10) was inserted through each nasal cavity into the 
pharynx, the balloon was inflated with a 2-3 ml of air, and ttien puUed anteriorly to obtain a 

30 tight occlusion at the posterior choana. The Ad2-ORF6/PGK-CFTR virus was then instilled 
slowly into the right nostril with the posterior balloon inflated. The viral solution remained 
in contact vsdth the nasal mucosa for 30 min. The balloons were deflated, the catheters were 
removed, and the monkeys were allowed to recover from anesthesia. 

On the first administration, the viral preparation had a titer of 2 x 10^0 lU/ml and 

3 5 each monkey received qiproximately 0.3 ml. Thus the total dose applied to each monkey 
was approximately 6.5 x 109 lU. This total dose is approximately half the highest dose 
proposed for the human study. When considered on a lU/kg basis, a 6 kg monkey received a 
dose approxhnately 3 times greater that the highest proposed dose for a 60 kg human. 
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Timmg of evaluations. 

The ammals were evaluated on the day of administration, and on days 3, 7, 24, 38, 
and 44 days after infection. The second administration of virus occurred on day 44. The 
nionkeys were evaluated on day 48 and then on days 55, 62, and 129. 
S For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(IS mg/kg). To obtain nasal epithelial cells after the first viral administration, the nasal 
mucosa was first impregnated with S drops of Afiin (0.05% oxymetazoline hydrochloride, 
Schering-Plough) and 1 ml of 2% Lidocaine for 5 minutes. A cytobrush was then used to 
gently rub the mucosa for about 3 sec. To obtain pharyngeal epithelial swabs, a cotton-tipped 
1 0 ^plicator was rubbed over the back of the pharynx 2-3 times. The resulting cells were 
dislodged fix)m brushes or qsplicators into 2 ml of sterile PBS. After the second 
administration of Ad2-ORF6/PGK-CFTR, the monkeys were followed clmically for 3 weeks, 
and mucosal biopsies were obtained &om the monkeys medial turbinate ai days 4, 1 1 and 18. 

IS Animi^l gvaluatioini. 

Animals were evaluated daily for evidence of abnormal behavior of physical signs. A 
record of food and fluid intake was used to assess appetite and general health. Stool 
consistency was also recorded to check for the possibility of dianfaea. At each of the 
evaluation time points, rectal temperature, respiratory rate, and heart rate were measured, v 

20 The nasal mucosa, conjuctivas and pharynx were visually inspected. The monkeys were also 
examined for lymphadenopatiby. 

Hematology and serum chemistrv 

Venous blood from the monkeys was collected by standard venipimcture technique. 
25 Blood/serum analysis was performed in the clinical laboratory of the University of Iowa ^ 
Hospitals and Clinics using a Hitatchi 737 automated chemistry analyzer and a Technicom 
H6 automated hematology analyzer. 

Serology 

30 Sera from the monkeys were obtained and anti-adenovirai antibody titers were 

measured by ELISA. For the ELISA, 50 ng/well of killed adenovirus (Lee Biomolecular 
Research Laboratories, San Diego, Ca) was coated in O.IM NaHC03 at 4** C overnight on 96 
well plates. The test samples at appropriate dilutions were added, starting at a dilution of 
1/50. The samples were incubated for 1 hour, the plates washed, and a goat anti-human IgG 

35 HRP conjugate (Jackson tomunoResearch Laboratories, West Grove, PA) was added for 1 
hour. Hie plates were washed and O-Phenylenediamine (OPD) (Sigma Chemical Co., St. 
Louis, MO) was added for 30 mm. at room temperature. The assay was stopped with 4.5 M 
H2SO4 and read at 490 nm on a Molecular Devises microplate reader. The titer was 
calculated as the product of the reciprocal of the initial dilution and the reciprocal of the 
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dilution in the last well with an OD>0. 100. Nasal washings from the monkeys were obtained 
and anti-adenoviral antibody titers were measured by ELISA, starting at a dilution of 1/4. 



Nasal Washinys. 

5 Nasal washings were obtained to test for the possibility of secretory antibodies that 

could act as neutralizing antibodies. Three ml of sterile PBS was slowly instilled into the 
nasal cavity of the monkeys, the fluid was collected by gravity. The washings were 
centrifuged at 1 000 RPM for 5 minutes and the supernatant was used for anti-adenoviral, and 
neutralizing antibody measurement 

10 

Cytology 

Cells were obtained from the monkey's nasal epithelium by gently rubbing the nasal 
mucosa for about 3 seconds with a cytobrush. The resulting cells were dislodged from the 
brushes mto 2 ml of PBS. The cell suspension was spun at 5000 rpm for 5 min. and 
15 resuspended in 293 media at a concentration of 10^ cells/ml. Forty ^1 of the cell suspension 
was placed on slides using a Cytospin. Cytospin slides were stained with Wright* s stam and 
analyzed for cell differential using Ught microscopy. 

rnlfiirr fnr AH9,nitF^/PFic-rFTR 

20 To assess for the presence of infectious viral particles, the supernatant from the nasal 

brushings and pharyngeal swabs of the monkeys were used. Twenty-five ^l of the 
supernatant was added in duplicate to 293 celk. 293 cells were used at 50% confluence and 
were seeded in 96 well plates. 293 cells were incubated for 72 hours at 37°C, then fixed with 
a mixture of equal parts of methanol and acetone for 10 min and incubated with an FTTC 

25 label anti-adenovirus monoclonal antibodies (Chemicon, Light Diagnostics, Temecuca, Ca) 
for 30 min. Positive nuclear immunofluorescence was mterpreted as positive culture. 

Trntnimncvtochemistrv fo r the detection of CFTR. 

Cells were obtamed by brushing. Eighty ^l of cell suspension were spun onto gelatin- 

30 coated slides. The slides were allowed to air dry, and then fixed with 4% paraformaldehyde. 
The cells were permeabilized with 0.2 Triton-X (Pierce, Rockford, II) and then blocked for 60 
minutes witti 5% goat serum (Sigma, Mo). A pool of monoclonal antibodies (M13-1, Ml-4, 
and M6-4) (Gregoiy et al., (1990) Nature 347:382-386); Denning et al.. (1992) /. Cell Biol. 
1 18:(3) 551-559); Denning et al., (1992) Nature 358:761-764) were added and incubated for 

35 12 hours. The primary antibody was washed off and an antimouse biotinylated antibody 
(Biomeda, Foster City, Ca) was added. After washing, the secondary antibody, streptavidin 
FITC (Biomeda, Foster City, Ca) was added and the slides were observed with a laser 
scanning confocal microscope. 
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To assess for histologic evidence of safety, nasal medial turbinate biopsies were 
obtained on day 4, 1 1 and 1 8 after the second viral administration as described before 
(Zabner et al (1993) Human Gene Ther^y, in press). Nasal biopsies were fixed in 4% 
5 formaldehyde and H&E stained sections were reviewed. 

RESULTS 

Studies of efficacy. 

1 0 To directly assess the presence of CFTR, cells obtained by brushing were plated onto 

slides by cytospin and stained with antibodies to CFTR. A positive reaction is clearly evident 
in cells exposed to Ad2-ORF6/PGK-CFTR, The cells were scored as positive by 
immxmocytochemistry when evaluated by a reader blinded to the identity of the samples. 
Cells obtained prior to infection and fix>m other untreated monkeys were used as negative 

1 S controls. Figures 36A-36D, 37A-37D, and 38A-38D show examples fix>m each monkey. 



Studies of safety 

None of the monkeys developed any clinical signs of viral infections or inflanmiation. 

20 There were no visible abnormalities at days 3, 4, 7 or on weekly inspection thereafter. 

Physical exanunation revealed no fever, lymphadenopathy, conjunctivitis, coryza, tachypnea, 
or tachycardia at any of the time points. There was no cough, sneezing or dianhea. The 
monkeys had no fever. Appetites and weights were not affected by virus administration in 
either monkey. The data are summarized in Figures 39A-39C. * 

25 The presence of live virus was tested in the supernatant of cell suspensions from ^ 

swabs and brushes from each nostril and the pharynx. Each supernatant was used to infect 
the virus-sensitive 293 cell line. Live virus was never detected at any of the tune points. The 
rapid loss of live virus suggests that there was no viral replication. 

The results of complete blood counts, sedimentation rate, and clinical chemistries are 

30 shown in Figure 40A-40C. There was no evidence of a systemic inflammatory response or 
other abnormalities of the clinical chemistries. 

Epithelial inflammation was assessed by cytological examination of Wright-stained 
cells (cytospin) obtained from brushings of the nasal epithelium. The percentage of 
neutrophils and lymphocytes from the infected nostrils were compared to those of the control 

35 nostrils and values fit)m four control monkeys. Wright stains of cells horn nasal brushing 
were performed on each of the evaluation days. Neutrophils and lymphocytes accounted for 
less than 5% of total cells at all time points. The data are shown in Figure 41. The data 
indicate that administration of Ad2-ORF6/PGK-CFTR caused no change in the distribution 
or number of inflanunatory cells at any of the time points following virus administration* 

SUBSTITUTE SHEET (RULE 26) 
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even during a second administration of the virus. The biopsy slides obtained after the second 
Ad2-ORF6/PGK-CFTR administration were reviewed by an independent pathologist, who 
found no evidence of inflammation or any other cytopathic effects. Figures 42 to 44 show an 
example firom each monkey. 
5 Figures 45A-45C shows that all three monkeys had developed antibody titers to 

adenovirus prior to the first infection with Ad2-ORF6/PGK-CFTR (Zabner et al. (1993) 
Human Gene Thereby (in press)). Antibody titers measured by ELISA rose within one week 
after the first and second administration and peaked at day 24. No anti-adenoviral antibodies 
were detected by ELISA or neutralizing assay in nasal washings of any of the monkeys. 

1 0 These results combined with demonstrate the ability of a recombinant adenovirus 

encoding CFTR (Ad2-ORF6/PGK-CFTR) to express CFTR cDNA m the airway epithelium 
of monkeys. These monkeys have been followed clinically for 12 months after the first viral 
administration and no complications have been observed. 

The results of the safety studies are encouraging. No evidence of viral replication was 

15 found; infectious viral particles were rapidly cleared. The other major consideration for 
safety of an adenovirus vector in the treatment of CF is the possibility of an i n fla m matory 
response. The data indicate that the vims generated an antibody response, but despite this» no 
evidence of a systemic or local inflammatory response was observed. The cells obtained by 
brushings and swabs were not altered by virus s^lication. Since these Monkeys had been 

20 previously exposed three times to Ad2/CFTR-U these data suggest that at least five 
sequential exposures of airway epithelium to adenovirus does not cause a detrimental 
inflammatory response. 

These data indicate tiiat Ad2-ORF6/PGK-CFTR can effectively transfer CFTR cDNA 
to airway epithelium and direct the expression of CFTR. They also indicate that transfer and 

25 expression is safe in primates. 

Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents of the specific embodiments of the invention 
30 described herein. Such equivalents are intended to be encompassed by the following claims. 
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Table TX. - 

10 20 JO 40 50 60 

CMXaiTCMlT WLTMACCrr ATTTlCeMT GMMSCXa^A TGMCAMTCfttf G^ QTOSA CT 

PW ERTED TERMINAL BEPETITION-ORIOJll OT^ REPiaCHTKM ^ ^60> 

70 80 SO 100. 110 120 

rrCTGAOGTO CCGCGGOCCC TCQCAACCGG ^Jgg S^SSS SSJJSS 
AACa^ClGCAC C GCO CCCO C C AOOCTTGCCC CGCCOCTGC ATCMXaCRC ww^nwiCA. 
TK ME3CTEP TeRKZNMb lffiPBnTI0M-OR«SlH OP B > 

ISO 140 150 160 . • "0 180 

X^lXmtXiAX GltnOOOGOL ACA^^ 

CTACaOiCCTT CACACCGCCT ICTGTACMT COCGGCCXAC ACCMTTICA CXOCIMAAAC 

' 190 200 210 220 2^t)- 240 

eTGTcrcccc GICTATACGG GAASTCACAX v m CGC GC G CmTWSOCG GATGTTGZMS 

^ • gn^ SMHMtlCER VIRM. PACKWSIHG POMM M . 5 0^> 

250 260 270 280 290 300 

TAXATITCGG CGTAACCAAG TAMGXTTGO CCATtTXCCC ^^^MG M^M^^ 

ATPTAAACCC GCATTOGTTC ATttCAAACC fOTAAAAOa CCOTJKa^^^ 

^60_teJElA aoaSCER «MD VIRAL PAC3CACING DaMMH.O_te ia.O_> 

310 320 330 340 350 360 

AGTCAAATCT GAATAATICT CTGrTACTCA TAGCGCGTAA TATTTCTCTA gg^^ 
TCACTTTAGA CTTA-nAAGA CACAATGAGT ^^'^^^TL^l^^^^J^'^^^f};^ ^ 
120_b_SlA SMHANCSR AND VIRAL PACKAGING DOMAIN^O.b i70_> 

370 380 350 400 410 420 

G..CTITGACC CTTTACCrGG AaACTCGCCC AGGTGTT77T CTCAGGTGTT TJggSTTS 
CTGA?ACTGG CAAXTGCAGC TCTGACCGGG TCCACAAAAA G;U?rCCAC«A AAGGCGw^AG 

— ^ A.90,> P3CICN.0.C <0_> 

<20 440 450 460 470 4S0 

CGGGTCAAAG TTOSCGrTTT ATTATTATAG TO-CCTGACG CGCAGTGTAT TTATACCCGC 

GCCCAGTTTC AACCGCAAAA 7AATAATATC AGTCGACTwu GwCTC«C«. ^TAT&s^- 

50_c 60_E1A PSDMOTZH ?ZGIO!0_C 90_C 100_> 

<eo SCO 5iO 520 5'? 5<C. 

TGAGTTCCTC AAG.AGGCCAC TCTTGAGTGC CAGCGAC7AG ^iSnyrCTCC TCCGAGCCC-C 
^'TCASGGSG TTCTCCGGTG AGAACTCACG GTCGCTCAT.- TCAA««GAGv, «««s.TCGv.-- 
■~ *■ _n K^sP.ID £lA-CrrR-S13 MESSAGE > 

~U» »ROMOT£?. 12C> 
_x ^^^^^ ^ uWTR.JiNSL.-.TED_C 40 > 

550 560 570 580 590 £C: 

TCCGAGCTAG TAACGGCCGC CAGTGTC-CTG C^G;'.TATCA>. AGTCGACGGT ACCC^GAOA 
AOGCTCGATC ATTG-CCGGCG GTCACACGAC GTCTATAGTT TCAGrTGrCA Tv^^CTCT. . 
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h ^lOTRID EIA-CFTR-EIB MESSAGE h > 



_320i. 



"l23 TO 4622 OF HUMAN CFTR CDNA. 



J60i. 



.37 0> 



850 



860 



870 



860 



890 



900 



G;^T7T>TGTT CTATGGAATC TTnTATATT TAGGGGAAGT CACCAAAGCA GTACAGCCTC 
CTA^ATACAA GATACCTTAG AAAAATATAA ATCCCCTTCA GTCCTTTCGT C;^.TGTCGGAG 
?. F M F Y G I F L V L G E V T X A V Q P> 

CYSTIC FI5RCSIS TRWv'SKiHBHWv^ CONDUCTANCE REGLTU^.TOR ; CODDJv > 

" n" :-ri3?J[D E1A-CFTR-£13 MESSAGE _h > 



380: 



123 TO 4622 OF HUKAN CFTR CDI^. 



_420i 



_4 30> 



910 



920 



920 



940 



950 



S60 



TCTTACfGGG .^Aa-ATCATA C-CT?CCTATG ACCCGGATAA CAAGG-^iGGA^. CGCTCTATCG 
AaV.TGACCC TTCTTAGTAT CGAAGGATAC TGGGCCTATT GTTCCTCCTT GCGAG^.TAC-C 
LLL G RII ASY DPDN XEE KS1> 

CYSTIC FIBROSIS TR.-Jx^SME»-3Ri^je CaOUCT.^UOCE ^^ULATOR; CODDN > 

h" "hybrid EL^.-CFTR-EIB MESSAGE h > 



-440i. 
970 



~123 TO 4622 OF nJ5''.AN CFTR CDJ4^. 4801. 

980 990 1000 1010 



450> 



102 0 



CGATTTATCT AGGCA.TAGGC TTATGCCTTC TCTTTATTGT GAGG^.C-.CTG 



CTCCTAC--.CC 
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CCTAW.TACX TCCGTMCCG A*TACCaWUJ AOAA*.TAX» CTCCTCT»C C»CJ».TCTeC 

^CYSTIC FIBROSIS TOMJS«J^OT 0»C^gg BESOUCTOR^ 

Vi m raaiD ElJHCrTR-EJ* 54o3l.__SSO> 

S Oo V TO 4622 OF HUlttM CTHl C»m 9«oa PS>o> 

1030 1040 1050 1060 1070 1O80 

.CACCO.Trrr «soccticat c^cm^ IgJSS? JSSS^ 

.CTSnc riBR«>«*^ EiA-CFIR-EaS MESSAGE --^ —-P- 

S fiO ^ -- ja fS S2 OP HOMMl CFXR Cn« .600a €X0> 

1090 1100 UIO 1120 1130 1140 

TTTAIAAGWt GACTITAAAC CTOTCWUJCC CTCTXClAGk I MIAJW AAGT ATT^JkCAAC 
SSJ]^ SSSSi??? GACACTXOW Otf^JA(»rCT MTITjnf • 

1^ • HVrBRID SA-rCFUl-ElB MESSA GE , —-H 

fi 2o " S aro 4622 OP KDMMJ CFTO CnM>C^660S.«.^ ^670> 

IISO 1160 1170 1180* • 1190 1200 

.,..^n^l ._juiu,>j-.^i.iLr ^^^rM«AAai AATTTGXTCX AGGACTTGOl TTGGCACATT 

s ao i 12 3 «) 4622 OF HOMAN CFTR Cn» ^7201 7305r 

1210 1220 1230 1240 12S0 1260 

, 40 j ^iI TtO 4622 Or HUMAN CFTR CENA ^780i ^7 90> 

1270 '1280 1290 1300 1310 1320 

, 5. '—rGGrrrcc tgatagtcct tgcccttttt caggctg-sg-c 

TCCGCAGACG GAAGACACCT GW.CCAAAGG ACTATC«CG« «CG.,«««W GTC.w.CwwG 

h TV3RID £XA.-C?TR-E1B MSSSXCr n r-TT 

aoo i 123 70 <622 OF KUKAN CFTR CIKA 8«0. e50> 

1330 13«o' 1350 1360 1370 13 80 

r-T-TGAAG TACAGAGATC AGAGAGCTGG GA^a^-TCAGT GAAAG.-.CTTG 

l^^^l SI^IS^C ;^TCTAG TCTCTCGACC CTTCTAGTC>. CTrrCTa.^.C 

C-ST^IC F-rSKOSIS TWJ^Sl^EiffiPANE CO!s'DOCT;>J^'CE REGULATOR; CODON 

B6Q i ^ 123 TO 1622 Or KUHAN CFTR CU<i>. 900i 5^0 

1390 1400 1410 K20 1430 1440 
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"ItUTTACCTC JsGfMrGKTT VJJ<}<CMCC AWCTGTTAA CGCWACTCC TGGZ?^GX<KZ 
ACTA^TCGAC iCTITWaWl CTTTTCTACC TTAGfiCMTT CCCTIATGACC - ACCXHTCTI^c 
V I TS. EMI EH2 QSVK A. Y C WEE> 

^CYSTIC FIBROSIS TOAMSrtEMBRANE COTOCTANCE RBOTIATOR? CODO? > 

H W VMTP E1A*CFTR*E1B M TOS A CS ^ ^ 
9201 023 TO 4622 OF KUMMI CFXR CPtO^ 9601-, 970> 

1450 1460 1470 1480 1490 ISDO 

• * ^ 

CAATCGAAAA AATGMTGAA AACTTAACAC AAACAGAACT GAAACTGACT CCGAAGG CAG 
CTTACCTTTT TIACXAACTT TTCMOTCTC TTTCTCTTGA CTTTCACTGA CCCTTCCGTC 
AMEK MIE HLR QTEL KI#T RKA> 
_GYSTIC FIBROSIS TOANSMMBRANE CONEOCTANCE RB60IASOR; CODail__> 
h H YBRID EIA-CTTR-EIB MESSAGE ^ ^ 
9801 123 TO 4622 OF HUMAN CFTR CnOc-_1020i,__:103O> 



1510 1520 1530 1540 1550 1560 

CCTATbTCAC ATACnCAAT AGCTCACCCT IVriClJ C IC A^TTCTTT OTCCTGTTTT 
GGAtACACTC TATSAAGTTA TCGAGTCCGA ACAAGAAGAC TCCCAACAAA CACCACAAAA 
A YVR YFN SSA FFFS O FF VV F> 
C YSTIC FIBROSIS TRANSMDiBRANE CONCOCTANCE RBGOIAIORj CQDQM ^ 

^ H YBRID ElArCFIR-ElB M ESSA GE. ti ; ^> 

1 040 1 12 a TO 4622 OF HUMAN CFTR Ca«L_1080i 1090> 

1570 1580 1590 1600 1610 1620 

TATCTGTGCT TCCCTATGCA CXAATCAAAC GAATCATCCT CC GGAAAAT A TTCj\CCACCA 
ATAGACACGA AGGGATACCT CATXAGTTTC CTTAGXAGGA GGCCTTTTAT AACTGGTGCT 
L S V h PYA LIK GIIL .RKI FTT> 

c ySTIC FIBROSIS TRANSMD^BRANE CONDOCTANCE REGULATOR; COiDON > 

HYBRID EIA-CFTR-EIB MESSAGE > 

l lOQi 123 TO 4622 OF HUMAN CFTR aittu_1140i .1150> 



1630 1640 1650 1660 1670 1680 

TCTCATTCTG CATTGTTCTG CCCATGGCGG TCACTCGGCA ATTTCCCTGG GCTGTACAAA 
AGAGTAAGAC GTAACAAGAC GCGTACCCCC AGTGACCCGT TAAAGGGACC CCACATGTTT 
ISFC IVL RMA VTRO FPW AVQ> 

CYSTIC FIBROSIS TRANSK3QRANS COWDUCTANCE REGULATOR; CODOl') 

h HYBRID ElA-CrrR-£13 MESSAGE ^h, 



lieOi 123 TO 4622 OF HUh;AN CFTR CDl^ 1200i 1210> 

ioSO 1700 1710 1720 1730 1740 

C-.TC^OTA.TGA. CTCTCTTGa-. ---.TA.--=vC.-. -w.TACAGa=v TTTCTTACAA AAGC^AG.>,^.T 
GTACCATACT GAGAGAACCT CGTTATTTGT TTTATGTCCT AAAGAATGTT TTCGTTCTTA 
T V; Y D S L G A I H K I Q D ? L Q rl Q z,> 

Ci'STIC FIBROSIS TRA1^SM£>SRA1C£ COKDJCTAl'JCE PJXJULATOR; CODON > 

h rTz3?JlD E1A.-CFT?,-H:13 MESSAGE h > 

1220i 123 TO <622 Or HUh'AJs' CrTR CIX<,\ 1260i 12."^C- 

1730 1760 1770 17B0 1790 1800 

ATAA.GAC^.TT GOAATATA^.C TTA^^.CG^.CTA C;^.G;iAGTAGT GATGCAGA^.T GTAACAGC CT 
TATTCTGT;iJi. CCTTATATTG A:^TTGCTa^T GTCTTCA.TCA CTACCTCTTA O.TTGTCG-^-. 
YKTL EYN LTT TEVV M£K VT.fi-> 

CYSTIC rianOSIS TR;y^SMEM5RAhrE; CavO'JCT^^JCE REGUUATOR; CODDK > 

h HYBRID E1>.-C?TR-E13 KH:SSAG£ h > 

1280i 123 TO 4622 O" KUK-iv CFTR CEe^. 1320i 13;* -> 

leiO 1520 1830 1840 1850 IziZ 
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TCTOCSACa^ OSGWTTGW aWJtTTIS iS^^SSx TCTTTTCTTA I'ltli iAiU'l-f 
ACWXCTCCT CXanWACCC CTTAATAAAC TCTTTCCTIT TG^**^^ M M N R> 

_arSTlC FIBROSIS TWattMEMTOMffi reCOIATPR. CQIW > 

h___lKBRID EJA-CFTR-EIB MESSAG E ^ TToo? T^oTw 

la ^o " S TtO 4622 OP HOWM Cm Cn« 1380a 1390=. 

1870 1880 1890 WOO 1910 IWO 

:z=3Jofc=?S*S S^i^^^?»5C3J4ot — i45o: 

' ,^930 1940 1950 I960 1970 - 1980 

AC(»CTT3Cr ATAX-ITMJlG TTCTATCTrr f^TGTOA OMX^XM. cw«;«A^-r 

H VBRID Elfc-CFTO-EIB MESSAGE h 

l ^fiO ? —gg ^ 4622 OF HOftN CFTO CCNA ^ISOOa : 151(h. 

1990 2000 2010 2020 2030 2040 

CTGGAGOUSG C^C«^ CTXO^ JgTXATgG JgJCTGg^ gSSSS 
GACCTCGTCC GTTCTGWUST GAWSMIACT j^™'*^ ^I^^i^.^ ^ F . S E> 

2050 2060 2070 2080 2090 2100 

" .^^-^^^ kr^tTTTCiT TCTGTTCrai GTTTTCCTGS ATTATGCCTG 

CT^™ ^SJSSJ SSiaAGT CAAAAGGACC TX^TACGGAC 

CATTTTAATT CGTGTCACCT TCTTAAAUiA ^v*«v_ y s W I M P> 

GXIK HSG R _I__S _ pVraiTATOftt CODON > 



PR ca« I620i 

L40 21S0 21S0 



T^- y g'TO l622 HUK.«. CrTR Ca^._l620i i630> 



2120 



..~ I 'T i vrrs -'^CTA.TGA TGAATATAGA TACAGAAGCG 

i^H^ ?S=SI?]S ^TT^sf 

" ivsJlC^-I^sSs W^inisi^,- !=Sr.aATCP.; CODON . 

.6.o V ^'to -^^^^ crn>. ci^_i680i 1690> 

2170 2180 21S0 2200 2210 2220 

,Tr-CAACTA a-^G.*.GCi«-.C^ TCTCCAAGTT TGCAa^GA^A G.^.C^ATATAC- 

■ S'tA^G SSS^S; ^CTGT Aa.|3TTOA ACGTCTCTTT CTOI^ATATC 

' Jvs?ic\ibSos?S TBA^^^Wj^ RECOI^TO^; CODON > 
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^ 'iV ; --72- 

2230 2240 2250 2260 2270 2280 

TTCTTCSW»i ACCTCCSAATC ACACTSACTC CMOTCfMX AGCAAC AW T TCTTTAOC^ 
AACAACCTCT TCCACCTTAG TCTCACXaC CTCCACTICC TCCTTCTTAA *igWATCCTT 
V LGE 'CGX TI.S CCOR A* 1 S L A> 
CYfiTIg flBRDSIS TOWSMEMBRMffi C0MDOCXM4CE RB(30L»CK»U CODOI^ > < 

n So V la a TO 4622 CP BDMMJ CFTO COOV— XBOOi^^ 1810> 



2290 2300 2310 2320 2330 2340 

GAOCMStKTA OMJ:^^ (ATTrGOTt TKlTt^iaC TCVrinOGJ TjJCCTASra 
' CaCCTCATM GirrctACGA. CTAAACmX AIAMCTGAG AGGAAAACCT ATG6ATCXAC 
'R A V y K O A D L y L L D S P_ F G V I. Oo 
rvSTTr FIBROSIS TlWNSMEMBRMffi CONEOCTANCE HBGOLUOR; CtaPOW > 

• h___L_HV8RID EIA-CFTO-EIB MESSAGE h ■> 

l aao V n^i^ to 4622 OT HOMMJ CPTR CtMA X8601 1870> 

*2350 2360 2370 2380 23ft0- 2400 

rrrTAACAGA AWACAAATA TTT GAAAGCT GICTCTCTAA ACTGMO^ tMfMJ^A 
AMATTCTCT TmCTTXAT AAACTTTCGA CACAGACATT TCACIACCGA TOTTITCAT 
V LTE KBl FES CVC K LKA M K T> 

' CYSTIC FIBROSIS TRANSKEWBRMJB, CONEOCTANCE RB50LATOR; COD»? > 

*''^- ■ it KXSBJD EIA-CFIR-EIB M ESSA GE »i P > 

• l aao i 12 3 TO 4622 OP HOMAM CFTR CEMA__-I920i X930> 



2410 2420 2430 2440 2450 .. 24 60 

GGATrrKxrr cacttctaaa atcgaacatt taaagaaagc 3 <»caaaat a tojjatttt^ 

CCTAAAACCA G3X»AGATTr TACCTlGtAA ATTTCrTXCC ACTGITTTAT AATTAAAACG 
R11.V TSK MEH LKKA D K I I, X lJ> 

CYSTIC FIBROSIS TRANSM2MSRANE CONEOCTANCE R2G01AT0R; COTON > 

h KfBBJD SlA-CnR-ElB MESSAGE ti > 

1 940 i 12 3 TO 4622 CS" KOMAN CFTR CDNA 1980i 1990> 

2470 2480 2490 2500 2510 2520 

ATGAAGGTAG CAGCTATTTT TATGGSACAT TTTCAGAACT CCAAAATCTA CA^CAGACT 
TACTTCCATC GTCGATAAAA ATACCCTCTA AAA6TCTTGX GGTrTTAGAT GTCGGTCTW» 
H«-GS S ^ T VGT fSEL QNL 0PI5> 

^CYSTIC ri3R0sis TRS>NSH3SJWNS CCXTOaCTANCS REGOIATOR; COIXX^! > 

h 'y ^TlZD ElA-Crrp.-ilB KSSSAGS > 

20Q0i 123 TO 4622 0? HUMAN CFTR CCNA 20«0i 2050> 

2330 -2540 2S.50 25S0 2570 25EC 

TTAGCTCA>iA ACTCATGGGA TCTa=wTTCrr TCGACCAATT TAGTGCAGAA AGr^Gru^.TT 
AATCGAGTTT TCAGTACCCT ACACTAAGAA AGCTGGTT;^^. ATCkCCTTCTT TCTTCTTT^--. 
rSSK LMG CDS "DO? SAZ RRK> 

CYSTIC FIBROSIS T/V->2SHSSR.-.NT. ZZ:i>'JCTrd^CZ RHXTul-ATOR; CODOU > 

hi IhVBRID ElA-CrTR-riB K£SSAG£ h 



^06Q'i 123 TO 4622 C? KU^LU^ CFTR CUV^. 2100i 2ilC> 

2590 2600 2610 2520 2630 2 6<C 

CAATCCTAAC Ta^lGACCTTA O.CCGTTTCT- CA.TTAG.=^GG AGATGCTCCT GTCTCCTGGA 
GTTAGGATTG ACTCTGGA;^.T GTGGC^^AOA GT^-J^.TCTTCC TCTACGAGd-. CAGAGG.^CC; 
SILT E T L H R " S h S C DAP V S W> 

CY^IC FIBROSIS TR>2^'SME>SRANE CONDUCTANCE REGULATOR; CODDN* > 

h HYBRID ElA-CrTR-E13 MESSAGE 



2i20i 123 TO <622 Or KUKAlv* CFTR Ca>i>. 2160i. 
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2700 




2.' -»rk 

■ 2S50 5"" ;,CTCTO.CT0 

^^c.; .ccco^ ---I ^j^-if 



30CO 



",030 



,2520: 
3050 



3010 .^-T—TC TOJ^ai^-ACT GG-^ 

Sfc^« 'TT? IX'-'' 
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^ S^Qj 123 TO 4622 OF HUMAN CFTR Cpr?AL— 2S80i 2S90> 

3070 3080 3090 3X00 3110. 3120 

TAACTXyJUSA MTTAACGHX GAACACTXMl MSPJSTGCCT TTTTGATCAT At CgAGAGCA 
XTTCACTTCT TTAATTCCTT CTTCTCWlTT TCCTCACCG/l AWlACTACTA TACCTCTCCT 
ISEE INE EPL KECL FDD MES> 

qySTIC FIBROSIS TRAHSMafflRANB CONDQCXWCE RBCOIATORl CODOH.^ L> 

K—H^BRID EIA-CrrR-ElB MESSA GE rr-r^ > 

^2600i 123 TO 4622 OF HUKAN CFTR CDNA 2640i ^2650> 

3130 3140 3150 3160 • 3174) 3180 

TACCAGCUCT CACTACATOG AACACAHACC TTCGATAXAT TACTCTTCAC AAC^CTTAA 
ATGGTCGTCA CTGATCTACC TrCTGTATOG AAGCTATATA ATCACAOCTG ttCTOGAATT 
IPAV TTW HTY LRVl T V H K S L> 
CY STIg FIBROSIS TRANSMEMBRANE OONDOCTANCE RBGOLATORl COD0H.^__> 
Vi H ySRID EIA-CFTR-EIB M^SAGE h * > 

^___^2660i ^123 TO 4622 OF HOMAN CFTR CENA 270.01^ \ 2710> 

3190 3200 3210 3220 3230 3240 

rrmt/iocY AMrrcGxec TXACTwarr rrcTOTttGA gct^iwt 'fciTioGu-iv 

AAMACACOk TEAWkOCkCG AMCWPCMA AAGKCCGXCT CCACCGACGX AGJAACOAC 
IF-Vl. IWC LVI rLA B VA A S X. V> 

cy gric FIBROSIS TRANSMSfflRMJE CirJDOCTMCE FEGOLMOR; ;> 

>» H yBBJD EIA-CFTR-EIB MESSAGE ^ h > 

2720i ^123 TO 4622 OF HUMAN CTTR CENA 2760a , 2770> 

3250 3260 3270 3280 3290 3300 

TGCTGTCGCT CCTIGGAAAC ACTCCTCTTC AAGACAAAGG GAATAGTACT CATAGTAGAA 
ACGACACCGA GGAACCTTTG TGAGGAGAAG TTCTCTTTCC CTTATCATGA GTATCATCTT 
VL WL LGN TFL QDKG NST HSR> 

^C^STIC riBRDSlS TRANSMHM3RM® CONOTCTANCE REGULATOR; CODON > 

^ h H YBRID EIA-CFTR-SIB MESSAGE h ! > 

2 7BQi 123 TO 4622 OF HIWAN OFTR CDNA ^2S20i 2830> 

3310 3320 3330 3340 3350 3360 

ATAACAGCTA TGCAGTGATT ATCACCAGCA CCAGTTCGTA TTATGTGTTT TACATTTACG 
TATTGTCGAT ACGTCACTAA TAGTGGTCGT GGTCAAGCAT AATACACAAA ATGTAAATGC 
MNSY AVI ITS TSSY YV? YIY> 

CYSTIC FIBROSIS TRANSMEMBRANE CCX^CTANCE REGULATOR; CQDQN > 

IT IhYERID EiA-CrTR-ElB MESSAGE h > 

28<0i 123 TO <o22 OF HUJ-yJJ CFTR CDBhA 2Se0i 2E50> 

3570 3380 3390 3400 3410 3420 

TGGCi^GTAGC CG^.CA.CTTTG CTTGCTATGG G^.TTCTTCAG AGGTCTACCA CTGGTGC^.TA 
..\C^^-rC^.TCG GCTGTOJtAC a*.Ara;i.TACC CTAAGAAGTC TCO.GATGGT GACCACGTAT 
VGVA DTL LAH GFFR GLP LVH> 

CYSTIC FIBROSIS TRAKS>iH>S?AJvi: COMDUCTANCH: REGUUATCR; CODDN > 

^ ^.>w ElA-CFTR-ilS KESSAGE > 

2900i 123 TO 4622 OF KUKfe» CFTR CDI^IA 29401 2950> 

3430 3440 3450 3460 3470 3480 

CTCTAATCAC AGTGTCGAAA ATTTTACACC ACPxA^-ATGTT AC^.TTCTGTT CTTCAAGC-.C 
G.^GATTAGTG TCACAGCTTT TA^^^ATGTGG TCTTTTAO^A TGTAA.GACAA G.:^AGTTCGTG 
TLIT VSK ILH HKML HSV LQ^^ 
CYSTIC FIBROSIS TRANSVSEKBRA-K?^ C0:>IOJCTANC£ REGOuATOR; CODOW 
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J2960i. 



^123 TO 4622 OT WWM» CFTR COWA.— ^OOOl 3 010>. 

3490 3500' 3510 3520 3530 3540 

CTATCTCWIC CCTCWVCA^ "^SijiiiS^ IwSrtSS ISSJJ^SS 

»MS T LMT LKA CGIL NRF 5KIto> 

Of»IC FIBROSIS TOaJSMEHBWNE.CONlXX»AMffi REGOIA^ COXW 

. h KYBRID EIA-CPTR-EIB MESSAGE .^^J? ^ 

^ n^.o ? rlr ^ 4622 OP HOiAM CFTR CDMA 3060i_ ^3070> 

3550 3560 3570 • 3580 3590 3600 

TAGCAATTTT GGMKSACCTT CTCCCTCTTA CttTATTTGA CTTa«eae -J»CT»^AA 
ATCCTTAWA CCTACTCGAA GACGGAGAAT GGTATAAACT GAASTAOGTC AACAXXAATT 

UsfOTC^Pl^sL jRAt^ffiSai^ «*^2E^S^ REGOLATCaU CODON > 

S ■ H VMUD EIA-CFTR-EIB M ESSA GE rrSR? > 

'a OBo " S T ro 4622 OF HOMMJ CFTO CCMA 3120j 3130> 

3610 3620 3630 3640 3650 3660 

TICTGArroC ACCTATACCA GTIGICGC A S .gggg^S gS^jgg 

AACACXAACC TCGATATCGT CAACAGCGTC AAAATGTIGO GATGTAGAAA CMOTTCTC 

TVTfS XIA V VA VLQP .jf * F V A T> 

OrSTIC FI^IS TRAKSMEMBRMIE COffiOCTANCE RBGOLKrQRjr COKM 

■~~ WHRTD EIA-CFTO-EIB MESSAGE R > 

•3670 3680 3690 3700 3710 ^ 3720 

TGCCAGTGAT iUSIGGCTTTr' ATTATCITCA GA^^ATTT IgSS??? 
ACGGTCACTA TCACC6AAAA TAATACAACT CTCGTATAAA GGAGGTlTaS AGTGTCG^ 
VPVT VAF IML RAVF LQT 5gc> 
CYSTIC ri^SIS TOANSMEKBRAHB CONDOCTANCE REGULATOR; CODOU. 



H YBRID ElA-CFTR-ElB >^SSA(ffi ^ 

3200iZI^123 TO 4622 OF KUMAN CFTR CENA ^3240a 3250> 



3730 3740 



5750 3760 3770 3780 



TCAAACAACT GGAATCTGAA GGCAGGAGTC CAATTTTCAC TCATCTTCTT ACAAGCTTAA 
AGTrrOTTGA CCTTAGACTT CCGTCCTCAG CTTAAAAGTG AGTAG«AC^ TCTT^v^-^TT 
, VOL - SS GRS PlrT HLV TSl-> 

'o-STTC F^».OSIS TRAKSKSeRAHi CdsTOCTAlCCE RECJLATO?.; CODCi-J > 

" * 1" •-'y3'»aD ilA-CFT?.-£13 HESSAGS n > 

2250 i 123 TO 4622 6? hWAW CFTR CJXOA 3300i 3310> 

3790 3800 3810 3820 3830 3840 

AAGOACTATG G^.CACTTCG^ GCCTTCGa.C GSCAGCCTTA CTTTGAA^ ^TSTHS?^^ 
TTCCTGATAC CTGTGAAGCA CGGAAGCCTG CCCTCGGAAT GAAACTTTGA G«CA«v«TGT 
KCLW TLR AFG KQPV ri.T L. r r.> 

C^STTC F-S'OS-S TRA'v'S»^E>BRAlvE CCMTOUCTANCE REGULATOR; CODO:: > 

' " h " " ' rTraTilD E3>.-CrTR-E13 KSISSAGE 

'.^?0i 123 TO 4622 O? nvSiy^ CFTR CDNA :>360i i370> 

3850 3860 3370 3S80 3890 2900 

aagctctgaJ^ TTTACATACT GCCAACTGGT TCTTGTACCT (.TCAACACTG cgct 
TTCGAGACTT AAA.TGTATGA CGGTTGACCA. AGAACA.TGGA CAGTTGTGAC GCG^^ -------- 

K A L N L K T A N W T L Y L STL R .- > 
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_CYSTIC riBW>SlS'TrWNSKE>fflRAKE CONDOCTANCE RBCOt-ATOR; CQDQM ^ 

h— _HYBRID EIA-CFTR-EIB MESSAGE h > 

3380i 123 TO 4622 OF HUMAN CFTR CDNlU_3420i 3430> 

3910 3920 3930 3940 3950 3960 

AAATGACAAT AGAMTCATT TTICTCATCT TCTTCATTCC TGTXACCi l^ ATTTOCATTT 
TTTACTCTTA TCTITACTAA AAACAG1A6A AGAAGTAACG ACAATCGAAO TAAAOGTAAA 
QMRI EMI FVI FFIA VT F X S X> 

^CYSTZC FIBROSIS THANSMaffiRAMB CONDOCXAtXX REGOLATOR; CQPQW ^ 

. h ■ w >mnTP £IA*crrR*-ElB MESSAGE ^ ^ 

3440i ^123 TO 4622 OF HUMAN CFTR CENAu_34801 3490> 

3970 3980 3990 4000 4010 4020 

♦ ■ 

TAACAACAGC AGAAGGAGAA GGAAGAGTTG GTATTATCCT GACTX TAGC C AT GAAI ATCA 
ATTCTTCTCC UCi ' iC 1 1 '' iXlTr CCXTCTCAAC CATAATACGA CTGAAATCGG TACTTATAGT 
L T^G ECE ORV GI1I# T L A' • M_^N I>- 
e vsTTg FIBROSIS TRANSMEMBRAKE CONDOCXANCE REGOLATOR; CODOS ^ 



__h__HYBRID EU-CFIR-EIB MESSAGE h > 

^SOOi 123 TO 4622 OF HUMAN CFTR CE»tt__35401_-^_355O> 

4030 4040 4050 4060 4070 4080 



TGAGTACATT GCACTGGGCT GTAAACTCCA CCATAGATGT GGATAGCTTG* ATGCGATCTG 
ACTCATGTAA CGTCACCCGA CATTTOAGGT CGTATCTACA CCTATCGAAC TACGCTAGAC 

MSTL QWA VNS SIDV P S L M R S> 

g ygPTg FIBROSIS TllANSMEMBRANE CONDOCTANCE REGUIATOR; COi»L__> 

h H YBRID EIA-CFTR-EIB MESSAGE h ^> 

-^ SfiQj 123 TO 4622 OF HUMAN CFTR CCNA_3600i 3610> 

4090 4100 4110 4120 4130 4140 

m 

TGAGCCGAGT CTTTAACTTC ATTGACATGC CAACAGAAGG TAAACCTACC AAGTCAACCA 
ACTCGGCTCA GAAATTCAAG TAACTGTACG GTTGTCTTCC ATTTGGATGG TTCAGTTGGT 
VSRV FXF IDM PTEG KPT KST> 
gySTTg FIBROSIS TRANSMSM3RANS CONDOCTANCE REGULATOR; CQDQM > 

b ^KyBRID EIA-CFTR-EIB MESSAGE • > 

36201 123 TO 4622 Or HUMAN CFTR CDNA 36601 3670> 

4150 4160 4170 4180 4190 4200 

AACCATAC^. GP^TGGCCAA CTCTCG;^G TTATGA7TAT TGAGAATTCA CACCTGAAGA 
TTGGTATGTT CTTACCGGTT GAGAGCTTTC AATACTAATA ACTCTTAAGT GTGCACTTCT 
K?YK NGO LSK VMII ENS KVK> 

^CYSTIC "I3ROSZS TRANSMZ>SHAJvZ CONDUCT>J>ICE REGUl-ATOR; CODC»J__> 

_h HV3RID £lA-CrTR-S13 MESSAGE h > 

36801 123 TO 4622 Or HUMAN CFTR Cr3NA 37201 3730> 

4210 4220 4230 4240 4250 4250 

« 

>AGATGACAT CTGC-CCCTCA C-GGGGCCAP^A TGi.CTGTCAA AGATCTCACA G CAAAA TAC-. 
TTCTACTGTA GACCC-GC^GT CCCCCGCTTT ACTGAC^^GTT TCTAGAGTGT CGTTTTATGT 
KDDI Vn-?S GGO MTVK DLT A K V> 
CYSTIC FI3RCSI5 TR-'J^'SMEMByV-VI CCNTCCTANCE REGULATOR: CODON > 



h rrtaraO ElA-CTT R-£:i3 KESSAGE h > 

3740i 123 TO 4622 OF KUMP.K' CrTR CDMA 37801 3790> 

^270 4280 4290 4300 4310 <32C 

CAGAAGGTCC AA^^.TG-CCA.TA TTAGAGAftC-. TrTCTTTCTC AATAAGTCCT GOCCAGAG-C-C 
GTCTTCCA.CC TTTACC-GTAT A^.TCTCTTCT A^-VCCrAAa-." ..A;itAC-3A CCC-^.y^iZZZ 
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TEGC NAI I. .EM £SF S ^gj^j^jjj^ 

•i M^ i 12 a TO 4622 OF HOMMJ CTtR QMS 38flOJ 3850> 

4330 4340 4350 4360 ' «'0 4380 

— .s^n ^— ^ fa;^;gL^^S°^» ^^oo^ — 3sao: 

4390 4400 4410 4420 4430 4440 

«rr>&&«sf!&RxI XTCCWaOCG ATGGTGTGTC TTOGCMTCA. ATAACTTTGC 

liSSiSS JSJSJSJ tacc^cjcac ^^0=^ Txn^^^ 

LLKT EGE IQI D .CVS W » _g_ * *^ 

_arSTlC FIBROSIS TOMJSMEMBRMJB aWDOCT^ RBOOUOOR? CXJDOU > 

h H yBMED ElA-Cm-EaB MESSAGE : — -r^ 

a eao" -"S fro 4622 of homam cftr ci»» 3960i.« 3970> 

4450 4460 4470 ' 4480 4490 4S00 

AACAGTCCaJ GAAAGCCTTT GGAGTGATAC C^fAGXAXCT JJJJ^JJT JCT^^g^ 
TTSTCACCTC CTITCGOMA CCTCACTMG GTGTCTTTCA TAAATMAJA AGACCTTGTA 

^ ?yCTIC FiraO^ iRANSMElfflRANE CC^^ ^> 

S.x»*xv. wyBBlD EIA-CFTR-EIB MESSAGE h ^> 

^ QBO ^ * Hg fS S22 OF HOMAM CFTO Cn» ^4020i 1_4030> 

4510 4S20 4530 4540 4550 4560 

TTAGAAAAAA CTTGCATCCC TATGAACAGT ^^;GTCATCA ^GAAATATg ^JiSSS? 
AATCTTrrrr GAACCTAGGG ATACTTCTCA CpCACTAGT TCTTTATACC TTTCAACGTC 
ysKM LDP YEQ WSDQ EIW KVA> 

O'STIC ''IBMSSIS TRANSHSKBRANE CONDOCTANCS REGULATOR; CODON > 

" V, HYBRID ="1A.-C?TR-Ei3 MESSAGE n > 

4 040 ? <l22 OF KUKAN CFTR CI«A_4080i 4090> 

4570 4580 4590 4600 4610 4620 

ATGAGGTTGG GCTCAGATCT CTGATAGf^.C AGTTTCCTGG GAAGCTTGAC. TH^T^^ 
TAC7CCAACC CGAGTCTAGA CACTATCTTG TCAA^GGACC CTTCG«ACTG A^-^Gw-^^ 

CYSTIC FiaWlS TRANSheORAKS CONOyCTANCS REGULATOR: CODON > 

h KY3RXD ElA-CrTR-E13 MESSAGE _n. > 



.41001. 



Zlih TO 4622 OFKUKAN CFTR CDNA 4140i 4150> 

4630 4640 4650 4660 4670 . 46£: 

TGGATGGGGG CTGTGTCCTA AGCCKTCCCC ACVvGCAGTT GATGTGCTTG C-CTAGATCJG 
ACCTACCCCC GACACAGGAT TCGGTACCCC TGTTCGTCAA CTAC^CGAAC Cw^TCT^G.-.- 
V D G G C V L S H C- K K 0 L M C L « R S> 

cysTTC -I5H0SIS TSANShSSRAje conduct;.j^c£ P^GUIATOR; COOON > 

' " h HYBRID £lA-Cr7R-£13 l<£SSAGE ^__> 

iilfiQi 123 TO 4622 Or KUb'Als' crXR CDNA 4200i <2-.> 



4690 4700 4-10 472C 4730 47 

TTCTCAGTA^ GGCGAAO.TC TTGCTG- .-:-G A.T-..-..\:rC--' 7QTTZ.- 
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AACACTCWT CCCCTTCTAC MCCACCAJ^C TACTTCGCTC ACGACTAAAC CTAGCTCATr 
VLSK AKl L Ll- DEPS AHL DPv>* 

OrSTZC FIBROSIS TmiNSKaffiKANE CONZX>CTAMCE REX^UXATOR; 

JX WBRID EIA-CFTR-EIB MESSAGE H 



.4220i ^123 TO 4622 OF HDMAN CFIR CSX U^ 4 2fiQ i - ^ '>'>fr- 



4750 4760 4770 4780 4790 4 8 00 

CATACCAAAT AATTAGAAGA ACTCTMMC AAGCATTTGC TGATTGCACA GTAATTCTCT 
GTATGGTTTA TZAATCTXCT tCAGMTTTG TZCGTAAACG ACTAAOSTCST CATTAAGAGA 
TYQl I RR .T. LK QAPA OCT VlL> 
.^OrsriC fibrosis TRANSKElffiRAKE CONDOCTANCE HEGUXjATQR? 

h KVBRID EIA-CTTR-EIB MESSAGE h. 

4280 1 TO 4622 OF HUMAN CFTR CXItVi 4320 1 4 !^-^fW 



4810 . 4820 4830 4840 4850 4860 

GTCAACACAG GATAGAAGCA ATCCTGGAAT GCCAACAATT TTTGGTCATA GAAGAGAACA 
CACTTGTCTC CTATCXTOGT TACCACCTTA CGCTTGTTAA AAACCAGTAT CllC ' i C nW 
CEKR ISA MLE CQQF LVI S£H> 
^CYSTIC FIBROSIS TRAKSMEMBRAKE CONDUCTANCE RE60IAT0R; OQDQ N 

h H VBRm EIA-CFTR-EIB MESSAGE h * > 

^4340i 123 TO 4622 OF HUMAN CFTR CDNA__4380i ^4390> 



4870 4880 . 4890 4900 4910 4920 

AAGTGCGGCA GTACGATTCC ATCCAGAAAC TGCTGAACGA GAGGAGCCTC TTCCGQCAAG 
TTCACGCCGT CATGCTAAGG TAGCTCTTTG ACGACTTGCT CTCCTCCGAG AAGGCCGTTC 
KVRQ YDS IQK LLNE K S h FRQ> 

^CYSTIC FIBROSIS TRANSMEMBRANE CCNDOCTANCE RBCOIATOR; CODaNL__> 

— h HYBRID ElA-CFTR-ElB MESSAGE h > 

. .44001 123 TO 4622 OF HUMAN CFTR CDNA 44401 44S0> 

4930 4940 <950 4960 4970 4980 

CCATCAGCCC CTCCGACAGG GTGAAGCTCT TTCCCCACCG GAACTCAAGC AAGTGCAACT 
GGTAGTCGGG GAGGCTGTCC CACTTCGAGA AAGGGGTGGC CTTGAGTTCG TTCACGTTCA 
A ISP SDR VKL rPHR NSS KCK> 

CYSTIC FIBROSIS TRANSMSSRANE COKDUCTANCE REGULATOR; COTXyt 9 ^ 

^HYBPJCD ElA-CTTR-ElB MESSAGE - > 

44601 123 TO 4622 OF HUMAN CFTR CDNA 45001 4510> 

4990 5000 5010 5020 5030 5040 

CTP-TkGCCCCA GA.T rGC TGC T CTGAAAGAGG AGACAGr^AGA AGAGGTOCAA GATACAAGGO 
GATTCGGGGT CTAj;CGACGA GACTTTCTCC TCTCTCTTCT TCTCCACGTT CTATGTTCCG 
SK?Q lAA LXE ETEE EVQ DTR> 

CYSTIC FIBROSIS TKANSHEK3RA^7E CO>^UCTAJ^CE REGULATOR; CODON__> 

KY3PJCD El>.-CrTR-E13 MESSAGE h.^ > 

4520i 123 TO 4622 OF HUMAN CFTR CIS>IA <560i <57C> 

5050 5060 5070 5080 5090 5100 

TTTAG-AaAGC AGCi.TA^Ji.TG TTGACATGGG ACATTTGCTC ATGGAATTGG AGGTAGCGGA 
A.^J^.TCTCTCG TCG7ATTTAC AACTGTACCC TGTAAACGAG TACCTTAACC TCCATCGCCT 

> 

h :-rr3RJD ElA-CrTR-£13 MESSAGE h > 



4S80i 123 TO 4 622 OF KUhliJC CTT?. CDX- 4 5201. 
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5X10 S120 5130 S140 5150 5160 



TTCACSTACT GWATCTGTC CCCCICGCIT M^^^ JJSSS^ JJSSSSS 

h HVBRID .EIX-CFTR-EIB MESSAGE — ■ — « — — > 

in ^ gin 3« OOTRMJSLMED iTOJEMCES_-5 0 , g 6 0_^ 
lo"^ > 3' INXBCNJ; 40 K 50 > 

5i70 5180 5190 5200 5210 5220 

J .,.. .■■■...TceACC ACCCOCCCCC *TCACCGCC\ ACTCCTTTGA 

TCTCKTGTA6 TnTOTATCT CTTTTCCAOC ^^iiSiScC: q»r^v<e«aaT TfVkGOJKXCa^ 
AGAOTXCATC AAAXCMCASK CMAACGTCG TCCSCGOCOO T^-*^6WW TOAOOAWa^ 

i X PHOTEIM t HE ' 
h__KVBRID EIA-CFTR-EIB MESSAGE _ -h 

•J0^....^....JB2B 3* UNTRANSLATED SBQCXENCES X10_«S 120 p- 

^60_v)EiB 3 • amwM SO >• 

5230 5240 5250 5260 5270 5280 

TCGAAGCATT CIGACCICW ATWCACAaJ gS^? ggggg^ 

_IJjX PROhaS (HBCON-ASSOCIATm JR^^ CODOH-^TARr. a > > 
li ^HXBIOD ElA-CFTR-ElB MESSAGE _ O > 

1 3 0 » E lB i T-55i55isLATEP SEOOENCES__170^ j_180_:> 

5290 5300 5310 5320 5330 _ 5340 

^^^~-^-v- ftrsr-rrrxGcI TTCATCCTCG CCCCGTCCTG CCCOCAAACT CTACTACCTT 

SJISSI? gSSSS? SSISIS cg™c gogcjx^ f 'T?^ 



IX ^»ROTS» (SsXON-ASSOClATSD PROTEIN); COtaN^;«r=l. 
- - n H YBRID EIA-CTTR-EIB MESSAGE ^ 



190 g - gl B 3'niNTRWSIAT£D SEQUENCES 230_S ^2«0__> 

5350 5360 5570 5380 5390 5400 

GACCTACGAG ACCGTGTCTG GAACGCCGTT G=AGACTGCA GCCTCCGCCG ^^gg^ 
CTGGATGCTC TGGCACAGAC CTTGCGGC^A CCTCTGACGT CG^AG^^C GGCG.-^GTCG 
TVT- TVS GTPI- STrt AS« A AS«> 

' -,^-,,^r,. (HSXON-^^SOCXATED PROTEIN); CODON_START=l > 

" ' ' 'f^ " HySRZO SlA-CrTK-£13 MESSAGE n > 



IX MRNA 1 ^- 



1 ^1 iX MSVin * . . 

250 c =:13 ~3 • UivT-tANSLATSD SEQUENCES 290_a 300 > 

5<10 5420 5430 5^40 5450 5450 

CGCTGC.GCC ACCGCCCGCG GGATTGTGAC TGACTTTGCT TTCCTGAGCC CGCTTGCAAG 
GCGA.CGTCC-G TGGCGC-GCGC CCTAACACTG ACTGAAACGA AAG^CTCG^ G^GAA.^..^ 

• A TAR GIVT DrA rLS PL,«-> 

- poCn-IN {H2>:ON-ASSCX:rATn3 PROTEIN); CODON_STAKT=l. > 

' " --:3RID riA-CrTR-i:i3 MESSAGE h > 

*l ~ 1 IX MPJ-IA 1 i -— > 

■ilO o £13 3- mJTRANSlAT£D SEQUENCES 350_S j60_> 

5470 5480 5490 5500 5510 552C 

CAGT&C:.GCT TXTCCCrrC^T CCGCCCGCGA. TG^.C:^GTrG ACGGCTCTTT TGCCAC^ATT 
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CTCACCTCXyi ACCGCAACTA O G C CG GCC C T ACTCTICAAC TCCCCAGAAA ACCGTCTTAX 
SAA SRS SARD DKL T A ^'J-'^ Q L> 

. IX PROreiN (KEXON-ASSOCIATED PROTEIK) ; CODOH-STARPcX > 

h H VBRID ElA-CFTR-ElB MESSAGE ^ > 

1 ■ 1 TX HPH^ ^ ^ 
p^n 3 • BMIBANStATED SEQ0Q3CES 4X0^ ^420 ^> 

5530 5540 5550 . S560 5570 SS80 

GGATICTTTC ACCCCGGAAC TTA A TC T CGT TTC TCAOCAC ClVl'l^TC TQC^CAGCA 
CCTAACAAAC TCGGCCCTTG AATTACACCA AACACTCCTC GACAACCTAG ACCCGGTCGT 
DSL TRE LNVV SQQ LLD LKQQ> 

JX PROTEIN (HEXON-ASSOCIATED FHOTEBY) ; CODOtl^ARXsl — ^> 

h H VBRm ElA-CFTR-ElB MESSAGE ■ h > 

1 1 ^ TX MRMA 3 1 .> 

V - ' 4 3 0 cy PIB 3« UWIRAMSLATED SBQOEIiCBS 470 — g , »4 80 — ^ 

5590 5600 5610 5620 5630. 

OCnrCTCCC CTXSAACCCTT CXriCCCCT C C CMWCOGSTt TAAAACATAA AXMA 
CCAAW»CGG GftCTTCCGAA GGAGCGGACG GXTACOCCAX ArrrrGTMT XATTT 
VSA t,KA S S PP M A V •> 

ntOTEIM (HSCON-ASSOCIATED PROTEIN) ; C 

h H vaMT) EOA-CFTO-EIB HESSAGE ^> 

1 1 P C MRM\__^ 3 ^ ^> 

490__a__JElB 3* UWIRANSIAin) SBQ0EX3CES 530 — S ^> 



wo 94/12M9 



-81- 
Table III 



PCT/US93/11667 



NndedtideSequaice Analysis of Ad2-fl)RF6/PGK-CFTR 



l^OCOIS AX32«ORP6/P 36335 BP DS-'UsOi 

OBFZIIZTXOK ^ 

AOCESSHOM - 

SODItClS. " 

frag 1291S 36335 

frag 35069 35973 

pr»-»g > 3S973 < 35069 (C) 



xvs 


35794 


35vb4 


2VS 


35794 


35X75 


TVS 


35794 


35268 


XVS 


35794 


35295 


xvs 


35794 


35343 


xvs 


35794 


35501 


xvs 


35794 


35570 


IVS 


35794 
35978 
36007 


35766 
36335 
< 35978 




36234 


36335 


III 


^ 1291S 
< 28478 
28478 


35054 
28790 
28790 




29331 


< 12915 



106-117 



50, 106-117 



Virol- 50. 106-1X7 



50, 106-117 



SO, 106-117 (1984)3 



pre-sksg < 12915 15352 
pre-fflsg < 12915 20208 
pre-meg < 12^15 24682 



pre-nsg < 12915 30462 
pre-msg < 129X5 35037 



DMcript:lozi 

10676 to 34096 of xa2-E4/ORF6 
33X78 to 34082 of Ad2 seq 
S4 tOOUK (Nucleic Acid« Ra«. 9, X67S-X689 

CX98l>l,l»»cleic Acid« Ras. 12* 3S03-3SX9 

(384 1 lUnpublUhed (1984) J IfP"tl „^ 
I 84 BBHA liitron D7 (J. Virol. SO, "6--XX7 

(1984)1, CMudeic Acids Ro8. 12, 3503-3519 

(X984)l, Unpublished (1984)3 
) E4 aW«X intron D6 tHuclelc Aeid« Res. 12. 

3503-3519 (1984)1 
:) C4 »RMX intron D5 Virol. SO, 

(1»84) 1 , _ 

•) £4 tfKX intron D4 IJ* Virol. 

(1884)1 
;) S4 lANX intron D3 (w. 

:) «^lSi intron D2 tJ. Virol- SO. 106-117 
(1984) ] 

:) B4 ^EQOi intron Dl (J- Virol- 

*) E4 rtiOfli intron D (J. Virol. 

35580 to 35937 of Ad2 eeq 
M E4 »RNA tMucloie Acids Ros. 9. 1675-1689 
^981)1, IJ. Mol. Biol. 149, 189-221 
(1981 CNucloie JUsids Ro.- 12. 3503-3519 
(1984)1 [Unpublished (1984)1 ISplit] 
i!w«rted terainal repetition; 99.54% (Sxochea. 

Srrc««ur^8^ «71-fB (1979)1. IJ- 
SolfLol- 128. 577-594 (1979)1 
1 to 32815 of Ad2 seq (Split) 
3 33K protein (virion norphogonesio) 
1 33K protein (virion morphogenesis) ; 

C) SfSsS*5!^iol. Ch«D. 2S7, 1347S.13491 

(alt., IJ. Mol. Biol. 1«. 
CWWn^tJ. Vi«»l. 127-134 (1983)1 

iS«'l«t« inRNA L2 (alt.) (J. M-l- Biol. 149. 
189-221 (1981)1. Viiol. 38, 469-482 
ms!)!, J Vii;i. 48. 127-134 (1983)J (Splxt) 
lit* BUNA U (alt.) tNudeic Acids Res. 

?i981>l IJ. Viril. 48. 127-134 (x983)] tSplitl 
~;!r lite «Ma M (alt.) {J. Mol. Biol- 149. 
«9!225 a9Sn.lJ. Virol. 48. 127-134 (1983)) 

[Split] ^ Biol- 149. 

T^|!l2i a9S?t.S. ViroL'48. 127-13. (1983)1 

(Split] 
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Nndeofide Seqneaoe Analyds (oonL) 



Q 






13278 


ZVS 


< 




i63aa 


JCvS 






187S4 








20238 


XVS 


< 


12^15 


21040 


ZVS 


' < 


12915 


23888 


ZVS 


< 


X2S15 


26333 




< 


12915 


13005 


RNA 


< 


12915 


13005 


???? 


< 


1291S 


13262 



pept 
pepc 

signal 

pept 

pept 

pept 
signal 

pcpc 

pept 

???? < 

signal 

pre-jBsg 

pre-aeg 

pre-riosg 



13279 
14547 



16331 

16390 

18112 

18778 
20188 

20240 

21077 

12915 

24657 

28193 

28195 

29330 



14526 
16304 



16336 

18105 

18708 

19887 
20193 

20992 

23983 

24631 

24662 
24659 
24659 
246S9 



(C) 
(C) 



ma^or late snSiOV lAtron (precedes 52«55K ttRMX; 
^ U tfRKX) CCell 16, 841-850 (1979) 1 « CCell 
16. 851-861 (1979)1, [J. Mol- Biol^ 134, 143-1S8 
(1979)1. IJ. Mbl. Biol. 135, 413-433 
(1979)1 1 (Kature 292, 420-426 (1981)] tgplitl 
na^or late »BMA Introa (praeedes peaton soiRNXy 
let L2 tfBHM IJ. Virol. 48, 127-134 (1983)1 

i^^^late aWlX Introa (precedes pV BdRlO^i 2nd 
M «lttlX) IJ. Biol. Chem. 259, 13960-13985 
(1984)1 (Split) 

maior late nRNA intron (precedes pVl nRM^; 1st 
S BiRHX) (J. Virol. 38, 469-482 (1981)1 ISplltl 
vajor late vSOXK intron (precedes hexon tfRNA.; 
2ad 13 ttfttlX) IProc. Hatl. Acad. Sci. U.S.A. 75, 
5822-5826 (1978)1, (Cell 16, 841-850 (1979)1 
fSpXitl 

najor-late »RNA introa (precedes 23K sifiKA; 3rd 
U 8^000 INUcleic Acids Bes. 9, 1*17 (1981)] 

li^^^late BdRMA intron (precedes lOOK bRKA; let 
M^«RKA) (Virology 128, 140-153 «»")! t^iitl 
VA X BKA (alt.) (J. Biol. Chem. 252, 9043-9046 

^iTRKA^Sit!) (J. Biol. Chem. 246, 6991-7009 
(1971) KtJ. Biol. Chem. 252, 9047-9054 
(1977)1. [Proc. Matl. Acad. Sci. U.S.A. 77, 
2434-2428 (1980)1 (Splitl 

VA II RNA (Proc. Natl. Acad. Sci. U.S.A. 77, 

3778-3782 (1980) J . (Proc. Katl. Acad. Sci. 

U.S.A. 77, 2424-2428 (1980)1 (Splitl 
1 S2,55K protein; ccdoiu^tart«l 
1 Ilia protein (peripentonal hexon-associated 

protein; splice sites not sequenced) ; 

codon_startd 

major late ii«NA poly-A signal (putative) 

39.21* ^ 

1 pen ton protein (virion coeponent III}; 

codon^startal 
1 Pro-VII protein (precursor to na^or core 

protein) ; codon_^start=l 
I pV protein (minor core protein) ; codon_etart=I 

aajor late nRNA L2 polyadenyation signal 

(putative) 49.94* 
I pVI protein (hexon-associated precursor) ; 

coddles tart 9 1 
1 hexon protein (virion ccoponent II) ; 

codon^startsl 

23K protein (endopeptidase) ; codon^tart»l 

iSo"late inRNA polyadenyation si^mal 
(putative) ; €2 . 38* 

E2a late aiRMA (alt.) Mol. Biol. 149, 

189-221 (1981)1 

E2a late mRNA (alt.) (Nucleic Acids Res, 
3S03-3S19 (1984)1. (Unpublished (1984)1 
E2a early irJmA (alt.) (J. Mol. Biol. 149, 



12, 



(C) 
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Nodeoiide Sequence Analyds (emit.) 





29331 


24459 




24483 


24478 




24318 


24729 


XV5 




26328 


P4pt 

xvs 


24347 


28764 


xvs 


28124 


27211 


xvs 


28791 
28993 
29454 


28992 
> 29344 
30137 




29848 

30220 


33103 




30«S« 




signal 


< 12915 






31051 


31S30 


pept 
slgnqil 


31707 
32008 


32012 
32013 




32822 


33248 


si^gn&l 


33081 


33086 


7?7? 


< 12915 


35017 


signal 


35013 


35018 



pre-rnisg 35054 > 35041 (C) 



£rag 
rpt 



frag 
frag 



1 




12914 


1 


> 


356 


1 


> 


103 


10 




103 


357 




379 


915 


> 


923 



189-221 (1981)] , . 

B3« early aRtOi (alt.) IS. Mol. Biel. 149« 
189-221 (1981) J . , , ^ ^ 

B2« *RHX polyadMar*tioii •igaal «» «»P Btasaad 
(putativtt)> 62.43% 

SBP pnst^ (OMai binding or 72K pcoMin) ; 

E2a BfiMX intxen 8 t»»el«ic Acid* Rm. 9« 
4439-44S7 (1981)] ^ ^ _^ , 

lOOK pxetAia (haxflo MfteBtoly) i oodo^_ptart«l 
Sa eSJjr vSISh *"t«a X ICall 18. 5fi9-S80 

Si'liw »«a i«tx«i A IViroloay 128. 140-1S3 

SnSUt IntroB IJ. Virol. 45. 2SI-263 (1983)] 

33K pr«t«iii (Virion »««P^~«;^*L«.,^, . 
pVIJI protein (b«oon-*8«>eiat«d proeurMZ-) s 

SS'^^STsLsat (Geno 22. 157-165 (1983)1 
■ajar lat* bBHA intron Cx* loador) (Oene 22. 
XS7-165 (1983)], (tf. Biol. Chm, 2S9. 
13980-1398S (1984)] . . , 

n^ox lat« ««a M polyadonyatlon axgnal; 
(txitatlve) 78.48t 

■Sor lato bAHX lacroo Cy* 1-adar) (J. Mol. 

8lil. 136. 413-433 ("«>J ' l^' ^^f^^- 
469-482 (1981)l,IWBO J. 1. 249-254 
fSain. lOwi 22. 157-165 (1983)1 ISpXttl 
ir«K>roi:ai« (fllyoo«ylat«d -«brano protoxn), 

eodoiu.s<=aresl 

E3 11. 6K protein; oodfiau^tartsl ^ ^ ^ 
E3-1 polyadewlation signal (putatxve) ; 

82 69% 

M^or late bRHX iatron C*' loader) tProc. 
Stl. Acad. Sci- U.S.A. 75. 5822-5826 
a97«)l.[Cell 16. 841-850 (1979) ] . (SMBO J- 1. 
l":isi (1982)1. lOeae 22, 157-165 (1983) ] 
E3-2 bRNA polyadewation signal; 85.82* 

(pucacivtt) 

flbar protein (virion oooponent ivj; 
codon»»tart«l (Split] 

il5«^l«te «RNA L5 polyadeayation migt^Xi 

(putative) 91.19% i«,c.i«ao 
S4 ■«». (Nucleic Acids Res. 9, 1675-1689 

(1981)1, (J. Mol. 1"-,"*:"^ -sio 

(19ai)J.l»ttcleie Acida Ree. 12, 3503-3519 
(1984)1. (Unpubllahed (1984)1 (Split] 
1 to 12914 of p»d2/PGK-CPlR 

in^^rted tenoinal repetition? 0-28% (Bioehea. 
SSS^ Se- Coa««.r87 . 671-678 (1979)]. (J- 
Si Biol. 128, 577-594 (1979)) 
i„v;rted terminal repetiti^; Ol?^ f?^°f 
Ti4^^K^« Ras. Coiamn. 87 , 671-678 <1979}j*l»'- 
S!^'*^;! ^28?^594 (1979)1 (Split] 

lin)cer segment -i 4.i 

polylinker cloning sitss ISpiitj 
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polyl is^>^ cloning aicea t^li^I 

3326 tjy 10665 of M2 [Split] 

pgX promoter ^ 

polylinker cloning ffitas [$plit] 

polylinkar cloning aitas C^litl 

ayn. BC5H poly A 

linker [Split] - - 

linker [Split] 

920 to 5461 o£ pQ<V*CFTR*936C 

aiii rfi fr^ in published aequence of. Riordati et 

al. C not A is correct « M to B a.a« Change 

936 T to C nutation to inactivate cryptic 

bacterial prcooter. Silent an ino acid daange 

polylin]cer eegenent from pGH7-CPTR-'936e 

(Rc/CKV^*Xnvitrogen gpeZ-B atJtl ) [^lit] 

linker segment from pCM\r-CF1!R-936C. Originally 

Sall/BstXI adaptor oligo 1 499P S 

linker segemant from pCM V-c;fc-iac'*936C« 

Originally from pMT-CFTR construction oligo 

1247 FG *SaX Z to Aval sites* 

123 to 4622 of HOMCFTR 

cystic fibrosis eransmembrane cmdtactaace 
regulatory codon.j9tart«a^ 
9786 O 7952 T 0 



301 
361 
421 
481 



BASE. GODMT- 

*"^^^-ORF6/P Dengthi 36335 Sep 16, 1993 - 06:13 EM Cbeckt 1664 .. 

1 CATCATCAAT AATATAOCTT ATTCTOGJOT GAAtSCCAATA TOATAMGAO OOGOWGACT 
61 ITOXCAeCSTO GCOCGOQOCG TOOOAACOGG OOGOGTOAOa «25????3S ^SS!^^^ 
121 GATOTTOCAA GTOIWOOGA ACACATOTAA OOGOOOOXTO TOQTAM JCTT GMQTTXTXO 

161 GrorocGcoo gtotataoog gaagtoacaa vmcoasca «wraecos ^^f^^CTAs 

241 iAAATOEOCW COTAIUiCAAO TAAIOTTPGO CCATTWCGC ^^^^^^ j^^j^^ 
AOTCAAATCT GAATAATTCT GTGTISACTCA TACCGOGTAA T AUTIGTCTA OOGMOCTOG 

SgtogacS tctatcgata agcttcatat cgaa«itccog ggttogogtt cxoccttttc 

CAAOOCAGCC CTOOOTPTCC GCAOOGACGC CGCTCSCTCro OOCGTCGTTC OOSG AA AO Q C 
AGOGOOOCOO ACC5CTOOGTC TOGCACATIC TTCACGTOOG TTOGO^^ ft^SSSS!^ 
541 TICOOCCCTA CCCITCTOOG CCCCCCOOCG ACCCTTCCPC GTCOOCCCXTP AAGTCOGGAA 
601 GGTTCCTTOC GOITCGCGGC GTCCCOGACG TGACAAAOGG AACCCGCACG TCTCACTAGT 
661 AOCcJoG^ ACOGACAfiCG CO^OOOAGCA ATCGCAGCOC GCCGACCOCO ATOGGCTGTC 
721 GCCAA«EAaOO OCTOCTCAGC AGCCCCCGCC OAGAGCAGOO GCCXSOGAAOG OGCGGTOOCC 
761 GAOOCX50QOT CXGOOGCGCT AGTCTGGGCC CT^TCC^ T^^^J^ 
641 TOCAAGCCIC COGAOCGCAC CTOGOCAGTC GGCTCCCTCG TTCACOGAAT CACCGACCTC 
901 TCTCCCCAGG ATCCACTACfT ATTAAATCGT ACGCCTAGTA TTTAAMCOT ACGCCTACTA 

lex ISSSS Sgt^^ Satatcaaag tcg acoqtac cosacmacc atocaoaggt 

1021 CGCCTCTOC5A AAAOOCCACC CTTCTCKCA AACaTPTTTT CAOCTOGACC AGACCAATTT 

"61 t^gSaS atacagacag cgcctggaat •i^mcagacmp ^^ccaa^ 

1141 ATlCXtXTCA CAATCTATC- -AAAATTCG AAAGAGAATO OCTMjGA»0 CTOOOT^ 
1201 AGAAAAATCC TAAACTCATT AATCCCCTTC GGCGATCTTT TTTCTOQAgA Wr^^»J» 
12^1 ATOGAATCTT TTEATATTTA GGGGAASTCA CCAAAGCAGT ACMCCTCTC TOACTQOGAA 

nil ^^SS Sa?S[c ccggataaca ^^o^^!^^ S^SS? StTS^ 

1381 GCATAGGCTT ATCCCOTCTC TTTATTCTGA GGACACTGCT CC TACAC CCA OCCATITTTO 
llli SJctJStcA StTOGAmS CAGATCACAA Tl^ATGTT TAOTTTGATT TATAAfiAAGA 
Ittl SSSISS SSEScCGT GTTCTACATA AAATAAOTAT TGGACAACTO GTTACTCTCC 
1561 TITCCAACAA CCTCAACAAA TTTCATCAAG CACTTCCATO OGCACATTTC GTCTOGATCG 
1621 CtSttICCA AOTOGCArtC CTCATCGOGC TAA TCTGGO A OTTOPTACAG GCGTCTOCCT 
itsi SSSgS: 7GGWTCCTO ATAGTCCTTG CCCITTI^ QGCT^ "^^^^ 
1741 TCATCAACT CAGAGATCAG AGAGCTOOGA AGATCAGTCyi ^AGACTTGTO ATTACCTCAG 
llol JSJSJ^ S^CAA TCTCCTAAGG CATACTGCTG GGAAGAAGCA ATGOAAAAAA 
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1861 VuatOiMA CXTAM3ACIA ikCJWSMlCTCA AM3PG*CTC» OM OOChpCC mSOKh/UX 
SSSmS oSfiCOTC WCTICTCXS GOTTCTTTOT W^iV mvm TCTOTOCMC 

Ssi SSSS? SSSaSS Mcaocctcc oatMAtKn chcemae ^otciocx 

2M1 ?SSSS O^TMOO^ SofleCAXT TOCCCTOOGC «a»CXA»CJl fl^TOACT 
?S5^ SSSSS 

M«i xxTMaukcvF jjuaa&cncA omoiaoxoa TtwwsAXTOr Awaaceprc ToocftscMO 

S21 S^SS S^S^ S5S»*»*c ^A^^ SSSSS 

2281 owMcwakCKo ccaca- A CT K: xtwsMkamcT cMngcirao SS^JS^ 
TOATWOA <»TAa^IJ«» aa*^^ 

5401 MIkCTtCACT ICTAMGM© MTAMOOM MOnGMOC "CAajOMT 

Vt^^m^l ^'mcKTic TOracTCMT r r xc c i o o Kg TMOOCioec accxvtams 

J t^iS^S^ SStS^ toSx^WTO IMaaUaiBK QOMOOanG KSOMOCXt 
2S21 AAMXMCAT CTTTOOTOTT <!!&v«ggkan* cnsoikaMUO 

*Sftl OCCXACTMSX >a»CGACA3C TOCNIOITIO CAOAOAAAOX CAAX^GXT 

27«1 MGAMTKTT TCWOUSCTOT OTCTOOAAC TOXTOOCTAX C XXXXCTX Pg 

IStSSSS JSSS 

;2941 TCJlTOOORaO TBAXXCTXXW ^*y'f*^**rV *a%^rwMCT CTCCTOQACX OXXACAJJUW^ 

i;s iS^SS SSSS SSJ^ sssss 

l^t} JiSS^ I^^fSS^ tStSSxO TOCAAAMAC TOCeriACAA ATQAXTOCSCA 
S^iSS SSSSa GAAGQCTCIC CTTASTACCA GATTCTtaec 
SSiSSS ^^^^ SSScSoC TOATCAOCAC TOOCCCCACO CTTCAOOCAC 
SS SSSSS SSS^ CAC^ TAAO^ 

^SSt-TTCAA OACAAA(XWA AIKSTACTCA TMSXaGAAAT AACAOCTATC 
37.1 »C«:m«T TO^I=^ TICTTCJ^ 

3841 TOTOGAAAAT TTTACAOCAC CmS^imi^rir eAiakfiX-EATA. GCAXCTTtCC 

3901 ICAACACCrr OAAAGCAOGT GO^J^TCn*; JSSJSSS SSSSS SSxSSS 
3d61 AIGACCTTCT GCCTCTTACC j^TTTG^ TSJSJSJ JSoSSSo CCAoSw 

sssjs jsssss s^s^ Jsss?? ^sssss 

4321 AAXTOArrrr *««;^™ SSJS S?SS^t SaSScatc ACTACArroc 

4381 AaflaAOAAO© AftaAGTTOGT '^«*TOCT» ^TX^^* ccGATCTOTO AOCCSACTCT 

, 4441 Aisraaacxer aaactocaoc ata^ctw JJ^JJ^ ScSSSSX ccatacaaca 

4S01 TTAAfiTTCAT T8ACAT8CCA AC*8AA8OTA OMG^CAAA OATCACATCT 

4561 A7CCSCCAACT CTCOAAAeTT SSScaS gSoCTOOAA 

4621 GOCCCTCAGG GO°CCAAATO J^STCAAAC J^SS OGCCTCTIVW 

4681 AIGCCATArr *fift®^CATT ?0™JCAA Jg^^^^ OTIGAOACTA CTCAACACTG 
4741 GAAOAACTOe *aCADOaAAO ^^SSScTT ^^CAAT AACTTT5CAA CACTCaAOSA 
4801 AAGOAGAAAT CCAfflATCOAT JStTT^TTC TSOAACATTT AOAAAAAACT 

4861 AAOCCTTTSO *GTGATACCA ^^gggg JSiSui ACTTOCASAT GAfSGPIGOCC 
4921 •rOGATCCCTA TGAACASTOO ^GJWJ^ JcCITCACTT 1X.-TCCTTOTO G««30G0CT 
4981 TCAQAlCrCT CATAOAACAfi ^^S^^ J^CCTTOOC TAeATCTCTT CTCAOTAACG 
S041 OlGTCCtAAC CCATCOCCAC SSSSa TCCAOTAACA TACCAAATAA 

SlOl CGAAGATCrrr GCTGCTTCAT ^^E^^ mxocacag* aattctckst caacacagoa 
5161 TTAOAAGAAC TCTAAAACAA ©C^IT^O^ ?S?^OA ASACAACAAA GTCCOOCAGT 
S221 TAOAACCAAT OCTCCAATOC CAACAATTTT TSGTCKTASA 
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5281 AiQGUTTOCAT CTOXAOUWGA OOAOCCTCTT COOGCAXfiCC 

5341 OCGACMOGOr GAACCTCTTT OOOCAOCX3GA ACTCAAOCAA CTOCAAOICT AAGCCCCAOA 
5401 TTOCIOCICT CAAAOMXaAa ACAOAAOMO hCmOCMOX l!>ACMOCX:Tr TMAOAGCAG 
5461 CATAAASOTT GACATCQQAC ATTTOCtCAT OOAATIOGAa AAAaX33XA09 dSCAOQAOOC 
55^1 OTAATAAAAT CJuaOAAA^rTO CATCOCATTO lC1\2AOaOCT SAOGOGPOAX QOTOC TO AQC 
S581 TAOCSMOAISA OOOGCACCAG GTOCAiSACCC TOOGAGTOTO GOOGXAAACA TATTAOGAAC 
S64X CAgOCTSg Q A TOCTSGATOr QAOOGAgGAO CEOAOGCOOG AICACTTOGT CCTGQOCZGC 
570} AOOOgO QCro AOXTXOOCXC TAGOOATGAA GATACAOATT OAOGTACTGA AATOSGXQOG 
5761 CGSGGCTXAA GQQTOQGAAA QAASATAOAA GaraOOGGIC 1CA3QTACOT TXGSATCXOT 
5621 TnOCAOCAG OOOOOGOCAT OAOOOCCAAC TOOTTraASO GAA0CATICT OAiGCTCAXAff 
Seei TTGACAACOC OCAXGOOCOC AXOOOOOOGG oraOOICAaA AtOIQATOOG CTOCAOCKTT 
5M1 CATOGTOOOC COQTOCJG C C OOCAAACTCT ACSAOCTTQA OCCACOAOAC OGIOSGTOGA 
6001 ACGGOGITQG AOACTGCAOC CTOOGOOGOC GCWCAQCOG C TO CAlGCSCAC OQCXX3Q0QQG 
6061 ArTGTOACTG ACTTIOCTTT CCtCAOCOOO CTTOGAAGCA O TOCAQCT TC OOCn^lXMtCC 
•6121. GCCCGOGATO ACAACTTGAC GGCTCTTT M GCACAATTGG ATTCTTSQAC OOGGGAACTT 
6181 AATOTOSTTT CTCAOCAGCT GTTOGATCOO CGCCAGCAGO TTTCTOOCCT GAAOGCFZGC 
6241 TCCCCTCCC A AJPOOOGTITA AAACATAAAT AAAAACCAGA CTCMTTMO ATTTTGATCA 
6301 AGCAAQTOTC T TC COOTCrr lAlTrAOGGG TTTTGOGOGC OCOGTAGGCC CGOt2ACCACC 
6361 QgXCTO SG TC QTTGAOGGXC CTOTOTACTT TTTCCAGGAC GTOGTAAA)QG TCACTCTOGA 
6421 TCRCAGATA CASGOGGAXA A0 C0 C3CT CT C lOOGGTOGAO OIAOCACCAC TGCAGAOCTT 
6481 C A gtSCTQOQQ G GlUdl ta CTO TAOASGKIOC AOTOGTAGCA QQ A G OQCTOG aoOl GG TOCC 
6541 TAAAAATOtC TnCAOlAOC AAGCTOATTO CCAOGOGCAO CCOCTTOCr m TOAQTOTTTA 
^601 CAAA IJnJtJ ' l 'T AAfiCTGGGA!!r G09X0CATAC OTOQGGATAT GAGATOCATC TTCOACTCTA 
6661 TTTT3AGGTT OfiCTATOTTC OCAOOCATAT CCCTOOGGGG A CTCATC TTO TOGAOAAOCA 
6721 CCAGCACAOr OTATOOOGTO CACTTCGGAA ATra OTCATO TAOCTIMAA OQAAATOOGT 
6781 OGAAGAACTT GGAGAOGCCC nCXCAOCIC OGAOATmC CAireC ACTOG TCC ATAATO A 
6841 TGGGAATQGG CCCACGGGCG COOOOCTOOQ OG AAaATACT TC TOQQAaCA CTA A OOTC AT 
6901 AGTIGTSTXC CAGGATQAaA TOGTCATAGG GCATTTTTAC AAAGOOOOOO OOQAOGGTGC 
6961 CACACTOCOO TATAATOGTT CCATCCGGCC CAOGOGOOTA GTTACCCTCA CAGATTTOCA 

7021 rrrcccAocc tttoaottca gatoogooga tcajtgtctac ctooocggoc aoqaagaaaa 

7081 C OG TTTCOGG GGTAGGGGAG ATCAGClOGG AACAAAGCAG OTTCCTCAOC AG CTQO CACT 
7141 TACCGCAOCC OGTGGGCCCG TAAATCACAC CTATTACCGG CTOCAACTOG TAGMAAGAO 
7201 AGCTGCAGCT CCCGTCATCC CtCAGCAGGG OGOCCACTTC GTEAAOCATG TCCCTGACTT 
7261 CCATOTTTTC CCTCACCAAA IGCGCCAGAA QGCGCTCGCC GCCCAGCGAT AGCAGT TCTT 
7321 CCAAOQAAGC AAAGTTTTTC AACOGTTTOA GOCCOTCCQC OCTAOGCATG CTTTTCAGCG 
7381 TITCACCAAG CAlGTTOCAaO CGOTCCCACA GCTOGGTCAC CTGCTCTAOG GCATCTCOAT 
7441 CCAOCATATC Utl'C i 'CG' l Tl C G O G OG TTQ GG GOGGCTTTOC CTOTAOGGCA GTACTCOOTG 
7501 CTOQTCCAGA OOGGCCAOGG TCATCTCTTT CCAOGGGCGC AGOGTC CTC G TCACCC TAGT 
7561 CTGGOTCACG OTOAAGOOCT QOQCTCCGQC CTOOGOGCTG GCCAGGGIGC OCTTOAGGCT 
7621 GGTCCTOCTO GTOCTOAAOC OCTOCOOQTC TTOOCCCTGX: GOOTOOGCCA Q QTAG CA TTT 
7681 GACCATGGTO TCATAsOTCCA GCCCCTCOGC GGOGIK3GCCC TTGGCGOGCA GCrTCCCCTT 
7741 GGAOC2A£XX» CCSSCACGAOG OGCAGTOCAC ACTTTTAAGO GCGTAGAOCT TOGGOOCCAG 
7801 AAATACCGAT TCCOOOQAOT AGGCAICCGC GCOGCAGGCC CC CCACAO GQ I CTCOCATTC 
7861 CACQAGCCAG GTGAGCTCTG GCOOTTCGGC CTCA A AAACC AGGTTTCCCC CATCCTTTTT 
7921 GATOCGTTTC TTACCTCTOO TTTOCA3GAO CCGGTOTCCA CC CTCQGTGA OGA AAAGCCT 
7981 GTC O GrorCC COOTATACAG ACTTGAGAGG CCTGTCCTCG AOOGGTGTTC COCGGTCCTC 
8041 CTCGTATAGA AACTCGGACC ACTCTGAGAC GAAOGCTCOC GTCCAGGCCA CCACGAAGGA 
8101 GGCTAAOTOG GAGGGGTAGC QCTOGTICTC CACTACGOGG T CCACT CGCT CCAGOGTOTO 
8161 AAGACACATO TCOCCCTCTT OOGCATCAAG GAAGGTCATT OCTTTATAGG TOTAGGCCAC 
8221 GTOACGGOGT GTTCCTOAAO GGOGGCTATA AAAOGGGGTC GOOOCOOGTT CGTCCTCACT 
8281 COCTTCOGCA TCGCrGTCTC CGAOOGCXHAO CTGTTCGOCT GAGTACTCCC TCTCAAAAGC 
8341 OGGCATOACT TCTOCGCTAA GATIGTCAGT TTCCAAAAAC GAGGAQGACT TCATA TTCAC 
8401 C7GGCCOGCG GTOATOCCTr TGAOGGTGGC CGCGTCCATC TOGTCACAAA AOACAATCTT 
8461 TITCTTCTCA AQ C T TOG TO G CAAAG6ACCC GTAGAGGCCX3 TTCGACAGCA ACTTGG OGAT 
8521 GGAGCOCAGG C m t X r X ' l TT IGTCGOGATC OQCOCGCPCC TTCCCCGCGA TCTTTAGCTC 
8581 CACOTATTCG CGCCCAACGp ACOCCCATTC GGGAAAGACC CTGGTOCGCT CGTCGGGCAC 
8641 CAGGTCCACG CGCCAACCGC GGTTCTOCAG OGTCACAAGG TCAACGCTGG TOGCTACCTC 
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8701 TOCoooTAOO oucAwrxa g TOcaecMM o ofloc cflryy : HS^^^^ iSiSSSSSS 

8761 TAeroSCTCT AfiCRSOOtCP CXSttCCQ8gQg OTCTOGflKJC ffO^N^ 

8821 aaaoococa Toaxj«siaox ecMJenwa ««a«o«CT ggg^oc 

8881 O0Q0O003CA AOOCSOOOSer COBMWJOTT CAOTOOMOA CCOOMWOat ^^^^-^ 

8941 GAfiOQCGGMS GCXaaCMOC OOCMUOOZC CWAACOTW JO^MTCTC 

9001 AMXTATOIA GGOTMCMC TTOOOOaOO ®^^TOOQQ »CAOa^ ^^^^^ 

9061 oxooaAooGX ooffltfjcaytSGT o o ooMo a fl <m«a»coo oooooctoc* ctoctcooja 
9121 QftcxMCiec cxajAffldoo aacxw-sxr ooatom^to oitooaooct 

9181 OJVMCTOaCO TCTOI«y»C Ct*00008tC JOOOCOAW «J«^W SSSSS? 
9241 CTWWaXCC AeCXCOOOOO TCACCTOCAC C»M»00^ S^SSS SSSScTC 

aMOMOKx ffikCKATOCT ci mxri n r rOT oticcmaoc TCQoaoTTax otaoA^A-w 

dm SwSciCaO AMU50COTO0 OCCTCOOXAC OWWf^ 

nil ^^aaaa^ A»c^nm oooccxwwx oocdocwscwt cccmtom!^ ooocMafioac 
9^1 ^SSS^ SSaoSSsS eroooTOWC ccaaaootot ooct^ocat 

S«SSSa StSSSt TOWCIOOt OTCOIC6CXT CCOCCCTOCT CCCAO^ 
lltl CeCTTTTTOO AIW«OM«T «»»«^ ^SS^ 

=^ SSS 

9781 SSqSS jSS^SS ASCCCCOOCT COOCTXGATO OMO QCMCT 

SSSSi iSSSS a««fl^ 

9901 ATOIWOOSTTO GAAOOOAOeX ^^MCWA JS^S nSSSSl 

iSS ss^ ssss^ 

10201 oaaMwmic o*eccoMOQ «»wf**«c cwrcrocooc SJSS^ 

10241 6TTeXTOl»0 «»A»OIMA MXCCCTCCG ^«^«AX C^TOCTCCT J^JJJJ^ 

10321 JuuAoorooo cMiakCTOOc AOCOGTCCAC ooe«c^ SSSSS SSmcto 

iSSSS? ISSSS iSSSSS GOOGTOCSOXG 

iJISi SS!!S ISiSSS SSS^ ^tocj^octc 

10621 eicAfiocsoo MCTOcrocx <wrra««« ^22^^ 

iSvTi SSS^ SSSSS S^SSS SSJSJSIS 
"IJi SiJ^SS 

ioft#:i orrccccaGGA GAGOC50GCAC OGQOXSOrCG OOOOOGCGOG COOGCAGGAG CTOGTGCT^ 

sjsss sssss sssss ssssss sss^ 

11041 TCWGTSTCCT TOACOOOOOC CTTCCBCAAa GCMMCK5C GOeTCCOSCT 

11101 TAGGCGXTTT CCCCC^TOAA ^J^SSSS ISSS 5SoctSS S^liiG 
11161 COCTCCACGG TOGCCCCGMi CTOOTTOaAO CTTOtMCMC OOOOGCOOeC 

11221 JUWCCTCCCT CCmCCAOAC «^°CTG^ SSSS SSiScS 

11281 AW»CCACCT QCGCOA«ATT GAOCTCCMG TOCOGGGCGA OTACATAACC 

l^Al SSSSS ;SJS3S? SSS^ SiSJSSJ cA^xKxrrcc 

J Jl« ^^SSS^ cSSScTCW QAOrroCOCG COM^CACOCT TAACTCCTCC 

11461 TW»*<!TCCA CGGCGAAO^ X^viC^Xi« TCQCGCACCT CCCOCTCAAA OCCTAClkOGG 

11S21 TCOoaAflAC oaMW*«»c eowAc^ SSSccc ScTTCTTC rrtcrrcTGGc 
^iJSSS SSS^ JSSoccgca ccg«»«»cg ««cgacaaag 

^^tt^ f^^^^ SSeOOC MCOTCaCGG TGXC«5CCaS OCCCTTCTCG 

11701 CGCTCGATCA TCTCCCCGOT «°»^^CCTC ATGTOCOSCST TATOGGTIXSO CGGOCGGCTG 
11761 CGGGGGOSCA ^^TGGAAOAC SScTCAACA AITCTOGTCT AOOTACICCG 

11821 CCGTGCOGCA GGGATACflGC e«M^raaB ImOOATCCC AAAACCTCTC GAGAAAGGCG 
11881 CCACCOAfiGG ACCTCAGCGA <^^^ SJcOOTOC COCOCOOCAfi COGOTOOCGG 
1194X TCTAACCAGT CACACTOGCA mSa^AAT TAAAGTAOCC CCTCTTCAGA 

12001 ICOOGGTTGT TTCTOOCGGA SS^COC CCTCCTCAAT GCGCAGGCCC 

12061 CGCCGGATOG TCCACAGAAG CACXATGTCC TIWJ*»i^ 
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Vil2X TOOCOCATQC CCCM3GCTTC OTZTTSACAT OOGOGCAOOT cmCTAOTA OTCTXGCMKB 
M0CTTTC9A OOOOCACRC TTCWCIOCT lOClCTSGXC CTOCATCXCT TOCATCSMZC 
12241 GCTACGOOOa OaaoaOMTT TOOOOGXMO TOGOOCCCTC 9TOCXO0CAT COOXGXGACC 
12301 CCGAACCCCC TCATOGOCTO AMCftOGQOC AOGTOOGOQX CMOOOOCTC GgCrXXTAJO 
12361 6CCTOCTOCA CdGOOTOAO GGTMAClOO MCTCXIOCX TOTCCMAAX OO0GTO8TAT 
12421* OOGCOCGTOT TOATOCSTOTX OCCXTAACOQ ACCAOnAAC GGTCPQ Q TOA 

12481 CCCOQCtOOO AGAOCXOOGT GTACCTSAGA OOOOAOTAAa COCTtOAQTC AAAGAO(ST3U5 
12541 TCGTIGCAAS TCOSCACCAO OTACIGATAT CCCACCAAXA AOTOOOGCOQ OOGCTOGOOO 
12601 IIAGAOOCKXC AOC^CAOOGT GOCOOOGOCT CO QQQQQQGA GOTCTTCCAA CATAAOQOGA 
12661 TOATMCOGT AOAZOTACCT OGACATCCAO OTOATSpOOG OOOOOOTOGT OQAOGOOOOC 
12721 OOAAAQXCCC OOACSOCOOXT OCMATOTTO OOCAgCQgCA AAAAOTOCTC CATOGIOOOO 
12761 ^VCOCICTOQC C0Q1XIA9000 TOOOCASTOC TTCACGCTCT AOACOOTGCA AAA9QASA0C 
12S41 CTXTtAAGOOG CCACTCTTOC GUXJOTCTOGT GOATAXATTC OCUVQQQ TAT CATOOOOOAC 
129Q1-1SA0OQOOSTT OGAAQOC009 ATOOQQC O QT COCCCOTOAT CCATOCGOTT ACOOCOOOCO 
12961 AOQTOZOOGA OCTCASACAA CCGGQaAQCG CTCCMTO30 CTICCTOCCA 

23021 QQC QO CCC OQ CIOC1O00CT AGCnTTTTO OOCACTVXXX: QCOCQCQQCO TMCOQGTOA 
13081 OGCTCGAXAG OOAMOCKST AAOIOQCTC G GTOOCTOXAO COOQMOQTT ATOCTOCyC 
13141 CGTTCAfiTCG CAQOAOCCOC OGnCOAifiTC TOOOOOOOGC OOGACICOOQ CO^ AO g Q CGG 
13201 TTT S CCTOCC CGTCAIGCAA GACCOOGCTT GCAMTZCCT OOQQ A A I kCftO QgApQ A QCCC 
13261 GTTTTTrocT TTTCCCAGAT CCATOOOOTO CTOOOGCAQA TOOGCCCCOC TCCTCA0CA8 
13321 COOCAMMC AASAGCA9C0 OCAOACATQC AOOOCACCCT CCCCTICTCC TACOQCQTCA 
13381 GOAOOGCCAA CATCOQGGOC lOAOOOGOCG CCXGATGOTO ATTAOCaAACC CCCOOOGCGC 
13441 CQOGGCOQGC ACTACCTOOA CnOQAGGAS OGOGAGOGOC TQGOOOCSOCT AQQ AQOQ CCC 
13^01 TCTCCT Q AGC GACACCCAAC OCSTQC2JSCTO AASCGTQACA OOOGOOAGOC OTAOCStGCOG 
13561 CGGCAGAACC TQTTTCOOGA OOQOQAGQGA GAOQACCOCa AO QAGATQ OQ COATCOAAAS 
13621 TICCACGCAO GOCGCOACTT GCXXSCATOGC CTGAACOGCG AGOCSOriGCT GCQCQA QQAS 
X3^S1 GACmOASC QOOAOGOGOCS QACCOGGATT A3TOCOCSOOC QOGC ACACCT QQCCOC OGCC 
13741 OACCTOGTAA CGGCGTACGA CCAQAOOOTO AACCAOaACA TTAACTITCA AAAAACCTTT 
13801 AACAACCAOG TOOOCACCCT TOMOOGOOC OAQCA5GTOG ClATAGOACT GATOCATCTC 
13861 TOGCACTITO TAAQCOOGCT COAOCAMAC CCAAATAGCA AOCCOCTCAT OGCGCAGCOG 
13921 TTCCTTATAO TOCAfiCACAO CAOOOACAAC OAOOCATTCA OGGATGOOCT CCT AAACATA 
13981 CTAQAGCCCG AOGGOOQCTtG QCT O CT O QAT TTOATAAACA TTCTOCAGAG CATAOTOCIU 
14041 CAGGAGCX3CA GCTTCAOOCT GGCTOACAAC OTOOCXMCCA TTAACTATTC CAIOCTCAOT 
14101 CTCGGCAACT TTTACOCCOO CAAOATATAC CATACCCCCT AOCTTCCCAT A O ACAAOOAC 
14161 GTAAACATCO AGGGCTTCTA CATGOGCATQ OOCTTCAAOO TOCTTACCTT QAGOQAOGAC 
14221 CmuXUTl T ATGGCAACGA GOOCATCCAC AAOGCCGTOA GCOTGAGCOG GOOGCOOGAG 
14281 CTCACCGACC GCGACCTCAT OCACAOCCTO CAAAOOGCCC TOGCTOGCAC OGGCAOCGGC 
14341 GATAGAGAGG CCGAGTCCTA CTTTOACGCG GGCGCXGACC TGCGCZGGGC CCCAAGCCGA 
14401 CCCGCCCTOG AGGCAGCTCG GOOOGGACCT OGGCTCSOCXX3 TCGCACCCGC GCGCGCTCGC 
14461 AACGTCOOCG GCGIGGAGGA ATAIGACGAG OACGATCACT ACGAGCCAGA GGACGGOGAG 
14S21 TACTAAGCGG TGATOTTICT GATCAGATCA TCCAAGACGC AACOOACCCG GCGGTCCGGC 
14S81 COQCXSCTGCA GAOCCAGCOO TCCJGCCCTTA ACTCCACGOA CGACTOGCGC CAGGTCATCG 
14641 ACCGCATCAT GTOGCTCACT OCCOGTAACC CTCACCCCTT CCGOCAGCAC OCGCAGGCCA 
• 14701 ACCOGCTCTC OGGAATICTO GAAGOOGTOG TCCCCGCOCG CGCAAACCCC ACGCACGAGA 
14761 AGGTOCTOGC GATOGTAAAC OOCCTGGCCG AAAACACGGC CATCCOGCCC GATGAGOCOG 
14821 GCCr«STCTA CGACOCGCIO CTTCAGCGCG TGGCTCCTTA CAACAGCGGC AACGTCCAGA 
14881 6CAACCTOGA CCOGCTCSGTO GOGGATCTCC GOGAGGCCGT GGOCCAGCGT GAGCGOCCXX: 
14941 ACCAGCAGGG CAACCTOOGC TCCATOOTTG CACTAAAOGC CTTCCTCAGT ACACAGCCCG 
ISOOl CCAACGIGCC GCGGGGACAG GAGGACTACA CCAACTTTGT GAGOGC ACTO CGGCTAATGG 
1S061 TCACltSAGAC ACCGCAAAGT GAGGTOTACC AOTCCGGGCC AGACTA TTTT TTCCAG^CA 
1S121 GTAGACAAGC CCTCCAGACC GTAAACCTCA GCCAGOCTTT CA AGAACT TG CAGOGGCTOT 
15181 GGGGGGTCCG GGCTCCCACA GGCGACCGCO CGUCCGTOTC •rAGCOTSCTG ACGCCCAACT 
15241 CCCGCCTCTT GCTGCTGCTA ATAGCCCCCT TCACGGACAG TOGCAGOGTC TCCCGG GACA 
15301 CATACCTAGG TCACTTGCTO ACACTcyTACC GCGAGGCCAT AOGTCAGGCG CATOIGGACG 
15361 AGCATACTTT CCAGGAGATT ACAAGTGTCA GCCGCGCGCT GGGOCAGGAG GACACCGGCA 
15421 GCCTCGAGGC AACCCTGAAC TACCTGCTCA CCAACCOGCG GCAGAAOATC CCCTCGTTCC 
15481 ACACrTTAAA CAGCGAGGAG GAGCGCATCT TGCGCTATCT GCAGCAGAGC GTGAGCCTTA 
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Nildeotide Sequence Aiudy^ (conL) 

issAi AccnGxtaaa osaoaoaazA. acgcccaoos tgoccctooa cmcacccco cocaacatoo 

SIS aScGtoS otSoCcS AACC080C0T tTAUCWtTCC CCIWOXKAC TACTT5CMC 

5«i SSS?^ SSnS coj^^ 

1S721 cGcocxsrreo tttcxacacc ooooommo aooxoocoox ooexMooMr GaarocTcr 

leoxi &#vvsm&<v^ orsCAfi^^OGOG GOOCMOOXA X9GXAMCTT O OQCaiOOOCa AOCAGCTXm: 
S5i SSSSSS SSJSScC SooSwW ATOO«CiaC COCMMtSCA MCCTTOKBM 

SXi SSS^ SSSSS AccAcccccc ceoGCCTOCT o«o^«° SS5g25 

ACXACIOQCT OCIGCAGCCS CAflCGCGMA ACAACCTCCC TCOOOCMTO OOCMCMOO 
«SJ SJSJSS AAOW^ G^O^ 

x«i«l AKitecccee ccoscficccG cccaoccotc CTOuaoocA SSSJSS 
i«abi mraoaikOaA 06AXGACT00 ccufiAOOACA gc*«»icct ocjatttooca acaAcioa^ 

"sSi SSSiOCK: CCCAOGCtO^ 

1021 CASOMOCAA AAfCAAAAAAC «AC«AO0C "TO^M JSSSSS C^^Sc 
16381 CeoeXTAOrA TOCSM30000C OOCeOTOTAT ^^^f^ SSSmXSl^ ^^^MO^ 

iSS ^Sli^ ooooocxaar ogcoooooco cw^ooc ccttooatoc JggJ^ 

16S01 UJULU/tT TO TOOCTteOeW «»CCX0C0O CC^COMOS OJJJJ"^ SSoTCaSo 
16S61 IdOAeiTOC CACCCCSMT 0«ttCC^ SSSS SSS^S oSoS!^ 
16621 OMOIttSCAT CCCIOAACTA ^^^f^ ^SSSS JSSoTMA oS^CTOe 
16681 AACAATSACT ACAOCCCXS09 ^SS^ TO^aSoT SaoSmTC 

16741 CACTOOOGOO GCOACCTOAA A*CCMCCTO ^^JJJ J^^S TAAoS^ 
16801 A«mTAO» «ttACmWi SSSSS ^SSS SS^Slic 

16861 CAaOXOQASC TQAAATATSA CTCWOroOM '^"^t?^ jSraCTTBAA AOTOOQCAOe 

sssss 

sss 

"-i ^= S S Sss 

17261 CaaOACACCC AACAOOCOOO tSSSoMQ SmAOQACAT eAACOATCAT 

17341 CAAfiAlSAACT CCAACOOQGC AGCCGOGGCA ATCCAGCXJOO TOOitw*^* XSvyJ^nrtri 
iXZti TtnrZr^rr^ ivacCACAOGG COCGAGGACA ABOQCOCTOA OQCCOAOOCA 

VAVi ^S^iSS ggggg^ SSmcaa SSaoctoo AOXAOCCTCA GAAQAAACCO 

174€1 OOOQCM2AAO CTOCCGCCOC r**^^i~*./>-i*t» ^raACOTAAT ilAOCAXTOXC 

17S21 OTOATCAAAC CCCTCACAGA <»««fiCAAO ***COCAOTT j^JJ^^^ cStCM^ 

sss 

ssss ^ ^ ~ ~ ssssis 

17821 GACCAGGCCG TCTACTCOCA GCTCXTOCGC CCACCATCAC CACCGlCAfiT 

17941 GAAAACGTTC CTGCTCTCAC MCCOCAOCT OCCCCTAOCT rTACAAOGCC 

18001 CTCCAfiCOAG TGACCAOT^ SSScTT OTTOACCAAA CATOTCXIAIC 

18061 CTOOOCAIAS TCTTOCCOOO ^^^J^ JgCCtSoCT TCCCAAfiCAA GATCTTTOC3C 
18121 CTTATATCGC CCAGCAATAA f^^^ SoOOOCTOC OCOOOCACTA CCGCGCGCCC 
. 18181 CCCGCAAAOA A°CCCTCCCA ^^^JSS ScAcSmO OCOATOACeC CAOTCACOCG 
18241 TOGOOOGCGC ACA>*CG0OG COOCACTOGO ^O^c^^ CAOTOTCCAC AGTCGACCCG 
18301 CreGTOGAOG AGGCCCGCAA CTACACOCCC ^OOCOCCAC ^"j^"^ ACGGOGGAGG 
mil GCCATTCAGA COCTGGTGOG CGG^^ SSSSSS 
18421 COCOTAGCAC CTCCCCACCG CM«GXO^ ^^^^J^ TCOOGOCOOC TCOAAOOCTO 
18481 CTGCOTAACC GOGCACGTCG ^^^J^ JccS^GAC OAOCGGCCOC OOCAOCAGCC 
18S41 GCCOCOOQTA TraOTCACTGT ^^^^ aSScSoG TCTACTOGGT OCOCGACTCG 
18601 GOOGCCAOTA GXC3CTATCAC TCAGOCTCGC ^^^^ ecAACTACAT TOCAAGAAAA 
18661 GTrAGOOSCC TOCGOGTOCC CCTOC^CC ^J^^^ COGCGCGCAA COAAGCTATG 
18721 AACTACTTAG ACTCCTACTC "S^SJ ^5^ScS COCCGGAGAT CTATtSOCCCC 
18781 TCCAAGCGCA AAATCAAAGA ^SS^CTaX AGCGOGTCAA AAACAAAAAG 

18841 CCCAAGAAOO AAOAGCAGGA ^f^^^^ gSctGGAAC TCCTGCACGC AACCGCGCCC 
18901 AAAGATOATO ATOATGATCSA ACTTCACGAC GACGTGGAAt x^^ 
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Nucleotide Sequence Analysis (cant) 

18961 AOQCGPOdOOQ TACMTTOOAX hOOftCQKOQC CXMCAOCTO TTTTO OOACC OOOCAOCAOC 
19021 GTACnrmA OGOCOOGTCA aOGC TOCACC O0CAOC3ACA AOOGOQI OTA 10A.TCSA0GIG 
19081 TACOGOQAOG AQGAOCICCT TCAOCAOGCC AAOGAGCGOC TOeOOGAOTT TSCC TAOQQA 
19141 M/SOOXKSA MQIkgMFQTT OGCOTIGCOO CTOOAOGAM GCMOCCAAC AOT^QOCIA 
19201 MOCOOOXGA CACaCCMCA UOTOCTOOC C AOOCTIOCAC OQTCOCAAOA AAAGOCOOC5C 
19261 CTAAMSCQOO AOXCaaOIGA CROOCAOCC ACCOTOCMC TOMOOracC CAA£30GCCAC 
19321 OSftCXOOMfl MOXCTTOQX MMiXZGAOC GIOGftOOCra OGCTOCSftCCC CQAGG7COOC 

19381 croaxaccMi rauyocMOT oocacooqox csx»saaroc AfiAOCGTOGA cctt cm^ma 

19441 OCCAOCAOCA <afXA<5CACTAC TOWCOCAW OCCftC ft Q M Q OCAtOCSAOAC AC AAAOCT CC 
19S01 COCSOITOCCT OGGOQQWGC AGATOCOfiOO OTOCAOOOflO OOOCTOOOOC OgOglCCAML 
19^61 ACCTCTACOO AGOXOCAXAC OCACCOMOO ATGTTTOflOO TTXCAOCCCC CC QgOGCCCO 
19621 CGCCOTTCCA GOAAOTAOOO CACCGCOUSC OCACTMIOC C OQAy CMXaC OCTACASOCT 
19681 TCCATCOCOC CTACCCCOOa CTATOCTOtSC HACACCTAOC OOOCCMXAO ^ C tt M Ca ACT 
19741 ACCOGAOCCC GAACCACCAC TOQAACOOGC OGCOOCOOTC OCOOIOSOCA C^CCOraCTG 
19801 CCCCOOATTT COGTOOOCA2 OGXCQCTCCC CAACSSAOCCA GOACOCOIGOr GCTGCCAACA 
19861 GCGOQCTACC ACOCCAOCAT OOTTTAAAAC COOSTCTTTO TOOTTOTXGC AOATATOQCC 
1^921 CTCACCTOCC OCCTCOOTTT COOOOTOCCC OaATTCOGAS GAAOAATOCA OOCST AQg^QS 
19961 OOCASOOCGO OCCAOQOCCT GACOQQOQflC ATOOGTOQ TQ OGCAOCACOG G06G0G006C 
20041 QCO T OCCIkCC (SXCtSCATCOO COGCeoiATC CTOCCCCTCC rCATTOCACT GATOGCOGOG 
^0101 OOGAnOGOG OOeiGCOOGO AAnOCATOC GTGOCCTTOC AO GCOCAC AC ACAC TOAOTO . 
20i6i AAAACAAQOT OCATOTOfiWl AAAICAAAAT AAA AAQTC TO QAgTCTCACG CTOCCTTOGT 
fip221 CCTGXAACTA TTTICTACAA TOGAWaACAT CAACTTTOCG TCTCTOOCCC C GCQAC A OQ C 
20281 CTCOCGCOCG TTCATOGGAA ACTOOCAWIA TATOOOCACC MCAATA TOA 
20341 CTTCAGCTOO OGCTOGCTOT OQA6C00CAT TAAAAATTTC OOTXOCACCA TTAAOAACXA 
20401 TOGCASCAAG OCCIXSQAACA OCASCACAOG CCAQAltlCXO AQQGACAACT TGAMOAfiCA 
20461 AaStcCCAA CAAA^TOG lAGATOOCCT ^JGCCaXSKMC AIMACSCOOOO TOOTQgftCCT 
2?sil gSSScCM CCAOl^CAAA ATAAOATTAA CAOTAMOT Qj^COCCOCC CTOCOO^ 
naxQCicTCCA. CCGGCCOIGO AOACACTGTC TCCAQAGGGG OOTOGCGAAA AQCOTCCOCa 

lllll S?SSSS5 SSSJS? ^r^r^ SS^SJSS 

20701 ACTAAAfiCAA GGOCTX3CCCA CCACCGGTCC CATOOOOCQC ATOG^tfOO «^»0CTMO8 
20761 CCftGGACACA CCTCTAAOfiC TOOACCTOCC tCCCCOOOCT ffl^CCCAOC *C»AaCCT8T 
2P821 GCXGOCMOG CCGTCCaCOS TTGTTOTAAC CCCCCCTO^ ^^^S^SS 
20681 OOCCHOCOOT CCGCOATOa^ TCCGGCCCOT ACCCMTOOC AXCTGCCAAA GCACACTOIA 
20941 SSSoOTO SxCTOaSOC TOOATCCCT GfcMCCCCcai OGATGCrTCT AAXTAflCTAX 
^T^OT^ SS^cS aOCOTCCHTS TCOCCCCCAG ACK»flCTCCT C^=CCOCOOT 
210«1 OOOCCCeCTO TCCAXSMOe CTAeCCCTTC OATCATCCOC C*GTGGTCTT ACX^^^ 

21121 cacaasccAo omocctooo astaccxojmj cccccooctc cto(»gtitc cxtcgcgccac 

211«1 XSfiAO^Jc TTC^CTOA XTAACMOTT TAflAAACCCC ACGCTCGCAC CTACOCJlCCA 
S^iS^ eCTCCOCTTC j^COCTCWO ACC^^ 

21301 TACCOCCXXC TCCTACAAftG OOOOQTXCIkC CCTOOCTeTO «OTffl^A*« SSSfl^ 
21361 TATCCOTCC ACGTACTTTC ACATCaXSW COTeCTOaC *0O?0O0CTA CTTTTAACCC 
21421 CTACTCCGGC ACTCCCTACA ACCCTCTACC TCCCAAOOOC GCTOeWi*^^ 
214BI CGAACAAACC GAAGAtAfiOO CCCGOOCMT TCCCOAOGAT SWfl**Ofc« ^^^^ 
• 21S41 TCAACAAttAC aAAOAJkOAAS ACCAAAAOGC TCC»GAT(»C GCOCOMSK AM^CATOT 
21601 CTAieCCCAG CSCTCCrTPPCT CTGGASAAAC AATTACfcAAA ACMMCTAC ^^^^ 
21661 AOACAATCCA CAAACACAMS CTAAACCTCT ATACGCAOAT CCTTCCTATC AACCAOAA^ 
21721 TCAAMTOOC OAATCTCACT OOAACCAACC TCATQCTAAT COOGCAOGAO GGAOAGTCCT 
21781 ^aaju[aaca ACTCCCATCA AACCATCCTA TSGASXTTTAT CCCAOGCCTA CAAATCCTTT 
mil ^SSS^Si ToSt^TOO TTCCCGATCA AAAAeCSCOTO CCTCTTCCAA ACCTTCAOT 
21901 cS SS St C tSaA^TA CCTCTTTCAA COAOCOGCWl CWCAATOCTA CTAAACCAAA 

aSfil SJSoMTTO SaS^as atctaaatat ggaaacccca gacacacatc tctcttacaa 

22Mi JSSSSS SSatSaA ATTC15AAAGC TATCWOGCT CAACAATCTA TCCCAAACAG 
22081 !S?SStAC ATTeCTlTCA OCeACAAlTr TArEOCCCTA ATGTATTATA ACACCACTC3G 

^Bl =g? SSS SSJJi^^ 

ii ™s sssiJi^ 
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2J441 ATOOACAXXA OMeWWOT SSSmOTC SmCTOCX ATJOroOSCT 

23501 CMOBiMarv »»ccs^M^ SSiiS^ SSSSSoro SSraiiew jEaukCOCciA 

22561 CTAOCTOOCX ^^jj^ iS^S SSSSSoS CtTCTWaCT OCtACKTrM^ 

2262X cacCT»a»c iMaeBM^ JSSScS oaSxoexr amooctcta accao«oob 
^681 COTOWsofi cQcaaoTCTC StSoaSc oeooMCAoo TOCxxrrecA 

22741 CAAseootaac cTCOBmae oatM^r ^^^^J^Jrc ctoctcctoc cacoctcajba 

22801 CATTCAOGTO OOCCAAAMT SacSScW CTOCASAfiCT CTCTOWAAA 

22861 TACATATBAA TO<»*«Piaj «»«»»?2Sx OTTTQACAfiC ATOICXaOT ACiOCCAOCTT 
22921 COAtCCTAOA GTTOAOOMS ^gJ^SS SSSSS AJOCTCAfiAA ATOACACCAA 
.22981 CTXOCCCATC GOCCACAACA O^JJ0«C J^^^^ CTATAOCOCA TACCCCOCAA 
23041 CQAOCAOTCC TOEAATCACT OCOCAACIOO OCAOCAITTC OOtWTTOaGC 

23101 COOaCCAAC «!TGCCCA»» «MOCCWC J°?^SJ iSflMIIyCG ACCCTTACTA 
Slfil CTTCACAOOC OTOAAOACAA *«*^«CC ^OOCTQGW ^gj^ XCACCTITAA 
SLl CAOCEACICT iSQCTOCM*? SSSJ SSJSS ^SScC OCCTGCTTAC 
23281.«A»flOK»CC AOTACCWTO ^GG0«8 OQCnCAACe TAQCTCA »CTS 

23341 ICOCAASOIIO TCTSAQA-m JACGCTCWT '^^^^^Jgc MCXMCMOA TTSOCTACCA 
?Si0l CAACAaOAOC W«»CTCCT ^^J^SS SSSc JoStoScA OAAACCT CCA 
23461 OOOCmCIAC KITOCHCAAA OCTACA^ SaSaCAAS aMtKBCUiC AOSTKIOAAT 
23521 OCeCKIOMie OOOCAAOTOO ™XM^ SSSSc^ OCICOCAOCA TOCOOOAOOO 
23581 waraCAOCAO SSSS^^ JSa^OQC AAAACOQOOO TTOAC3WXAT 

23641 ACAOecnSAC OC COCCAAOQ «CCCTAOCC ^JJ^^ xKCCASnCT eCAOTAAClTT 
5701 -DACCGAaAAA J«™CTPr OO^^J^ SSSocS CICXAOMCA AdCOOCCCA 
23761 TftlCTOCATO QOOO OeTCA CAaj?^?^ ^OfflXoMO CCCACeCTTC ' AVmUl -l- il 
23821 COCOCTAfiAC JWOOT™ ^gj^ gSSSSS OflOCGOOTCA TCOACACOOr 
23881 GrtTOAAOrc WX»SSSS CoSa^ACA «AAAA«SAAfiC AAfiCAACATC 

23941 CTACCT8CCC AOSCCCTTCT ^^^^ OcSoAACTO AAAOCCAITC TCAAACATCT 
24001 AACAACAfiCT «CCOCCM«0 SScAAOOOC TTXCCAOOCT TTOITICTCC 

24061 TOOPPsroee ccatattttt gocmctoqc gaoac«»oo gccstacactc 

24121 ACACAACCTC GCCTOCOCCA ^^^^ SSxMTAC CTCmOACC CCTITOOCTT 
i4l81 GATOGCCrrr CCCTOOAACC CGOOC^^ JSo^AC OASICACTCC TOOeCCOTAC 
24241 -nCTOACCAA OffiJCTCAAOC SSSSaA AAOKCACCC AAAGCOTOCA 

24301 COCCATIGCT TCTTCCCC06 ^^^^ CTaCTOCAie TITClCCaCG CCTTTQCCAA 
24361 tSOGGCCCAAC TOOOCCO^ S^^AAC CTTAJPTACCS CCOTACCCAA 

24421 CTCGCCCCAA ACTCCCATGS So^SoT OOCAAOCAQG AACACCTCTA 

24481 CTOCATOCTT AACABTCCCC A<S«»^5S£ ^cAOCCAC AGIOOCCACai TTAOGAOCGC 
Itlll g SSlCCTC OAOCOCCACT OGC^ACTT COO«0«JJ J^SSaS^ '^<=«"«=i^ 
24601 CACTICTTXT TOICACWaA toTOATWITT TAOCCCOCAC CCTICCCOTC 

24661 AAOOCAAATO rTTTIATTTG '^^^^ ^SocaC WflOCCOCAC TOGCACGOAC 
24721 TOOOCOWtT AAAAATCAAA SS^CAO OCACAACCAT CCGCOOCACC 

1X781 ACOXTOCWAT ACTOGTSTTT A?TO««AC JWJ^J^ *COCeiTWyB CACGTCGQGC 
24841 TCOOIOAAOT TWCACTOCA CAGGCTOOCC J^^^^^ COCOOatfSW GCMATACACA 
24901 GCaaaATCT TCAAfiTCGCA OTTQOOOOCT ^^^^g^ COCKJOCCAC CACQCTCTTG 
• i496l aXJTTOCAOC ACTOSAAOJC TAT^^ 

2S021 tCeOUJATCA OATCCOCOXC SmGctSo ACTTOCACTC OCACOOTAOT 

25081 OGthPTTZZZ TXCCCAAAAA SottSp ACAOCCCCTO CATCAAAGCC 

25141 GGCATCAOAA GCTOACOOIG CCOMTCTOG ^^^^J^J AflAAfiAACAT OCOSCAAGAC 
is201 TIGATCTCCT TAAAA£SOCAC CT**?^^ SocicA^ C3GCAGCAOCT TCSCOTCOCTG 
mil TTGCOWAAA >CTOATW^ S^SS^ SSStTCA COASCTIOCC CTOOCTAOAC 
25321 TXGOAGATCT GCAC^CMT ^SSmtS CTCGTCACAT CCATTTCAAT CACGTSCTCC 
25381 IGCTCCTTCA GCGCGCCCTO ^^^^ OTAAGCTCGC OTTOCAICTC AGCCCAGCGG 
25441 TTATTTATCA TAATCCTCCC <^^^ JStcCWT AOGTTACCTC TGCAAACGAC 
ilsOl TGCAGCCACA ACGOSCAflCC SStSSa A«STCT1«TT OCTCOTGAAG 

IliS ^.^S^ JSSS SSIi^ 

SSSSS SSJfca CAOACACO.^ CCCCACCC^ 
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25801 AGOGGGTTTA TCACOGTOCT TOCa ^VX lC C OCTSCACTOQ AClCTZCCTr TTCCTCTZCC 
2S861 GIOOGCIOAC COOGCQOCIWC lUGCITOglCT tCMTCAOOC GOOOCACOGT O00C7TAOCT 
2592X COCnooOOr OCTTCATTfl^ CACOOOiq O g nOCTCAMC OCAOCXmo TAOCOOCACA 
29981 O C TT C T ClVr CTTCCTOOCT OXOCAOQAIC ACCTCTOOOG A TO QOOtXaOO CVDOOOCTTO 
^M4ll OOMAGOOGC GC TTCTTT TT C TCT WCQ AC OCAATOOCCA AATOOGOOGT OGAMTOQAT 
2(101 GQCOGdOQCC TOQCSTOrTQCO OOOCAOCAOC Oe A TCTTO TO AOCAtnCTlC TI CQTCCTO U 
26m GACTOGAQAC GCCGCCTCAS COOCTTTITT OGOGQCOOQC OCXXSAQGCOO OOGOGAOCSGC 
26221 OACaOOOGUlOO ACACOTCCTC CAIOCITIGCrr OOAOGTCQOG OOCCACOOOO TCOCOGCIOG 
26281 OQQGTOam OOOGCTC3CTC CICTTCOCOX CTOOCCATTT GCTICTCCTA TAOOCACZAAA 
26341 hhSKVCKCGO AGICAQTOOA OXAOOACmC AQCCTAACCO eoOCCTTIQA GTTOOCCArX: 
26401 AOO QO CTOCA COOMGOCQC CAAOGOGCCT ACCACCTTGC COGICGAOGC ACCOOOCSCrr 
26461 OAOaAaO^ AAfiTCATTAT CQAOCAQgAT OCAOCSTimO TAAOCGAASA OGAOQASGAT 
26521 OGCTCM:iTAC CAACAOACXSA TXAAAJIfiCAA C3AC C AgOACO AOCCAQAOGC AAAOQAOOAA 
26581 CAASTCXaOQC OOGOGQACCA AAOGCAIGGC OACIACCTAC ATCTCGQAGA OOACCTOCOXa 
;K641 TTQftAQCAtC 1X9CA90GCCA CTOCtSCCATT ATCTOOGAOG OOirOGAAOA OOGCA/QOOAr 
26701 GTOCCCCTO6 OCAXAOOOQA T01CAQCCTT GOCTAOQAAC OCCAOCTCIT CICACCGOGC 
26761 CTAPCCCCCA AAOGCCAAOA AAACOOCACA TCOOABOOCA ACCCGOQC CT CAACTTC3AC 
26821 CCOOramO OOOIOOCACSA OOTOCTTOOC AOCTAXCACA TCrmZCCA AAACXGCAA6 
260ai AXACOOCTAT OCXOOO0T6C CAAOOQCAOC OQAOOOGACA AOCACCTOOC C l ' I C M JUU CA G 
269411 qo O QCTOT CA TAfiCTCAnT OOCCTOOCTC OA0GAA91GC CAAAAMCtT i:SAO0GTCTT 
270^01 OmOGOQAOQ AGAAAOOOGC OGCAAACGCT CltlGAACAAO AAAACAfiOQA AAATOAAACT 
27061 CACnCTX»AO ^GCrnXSTOOK ACnCftOOCT GACAACX;COC OCCTAOOCOT GCTGAAAOCC 
27121 AGCATOC2A0G TCACOCACTX TSCCTACCCO GCACTZAAOC TACOCOCCAA OOTTATOACC 
.27181 ACACTCATCA OCGAGCTSAT CCTOOOCOGT GCACCACCCC TOOAQAOOQA TGCAAACTaXS 
27241 CAAGAACAAA CCGAGGAOOO CCZACCCGCA GTTC3GCGAIG AGCAGCraOC QOQCKOCTT 
27301 GAGAOOOOOG AOCCTOCOGA GTTOOAOOAa CGAOGC AA SC TAATOA!P9SC OOCAOTCCTT 
27361 GTTACCOTOO AOCTTGAGTa CAXOCACCOG TTGTTTOCTG ACCOQOAGUiT OCAGOGCAAG 
27421 CTAGA9GAAA CGTTCCACTA CACCTTTCGC CAOGOCTAOO TSCCCCAOGC CXGCAAAATT 
27481 TCCAACGTOG AGCTCTOCAA CCTOOTCTOC TACCTTOQAA nTTOCACGA AAACCOCCTC 
27541 GOCCAAAAOO TCCTZCATIC CACGCTCAAO 03CGAQGCC2C OCOGOOACTA OOTOOGOGAC 
27601 TOOCmrACT TATTTCT8TO CTACACCTSO CAAAOCSGCCA TOOGCCTOTO 6CA8CAATCC 
27661 CICGAGCSAGC CCAACCTAAA OOA8CTSCA0 AAGCTGCTAA AGCAAAACTT OAAOQACCTA 
27721 TO6A0OOCCT TCAA0GA60G CTCOOTOOCC GOQCACCTOG OCSOACATTAT CTTOOOOGAA 
27781 OOCCTOCTTA AAAOCCTOCA ACAOOGTCTQ CCA»CTTCA CCAOMAMO CAXOTTOCAA 
27841 AACTTTAOGA ACTTORAXCCT ACAiOCmTCA CQAATTCT8C CCGOCACCTO CT8ZCOGCTT 
27901 CCTAOCGACT TTOTOCCCAT TAAfiTACOTP GAATQCCCTC OGCOOCTXTO OOCSTCACTOC 
27961 TACCTTCTGC ACCTAGCCAA CTACCTTGCC TACCACTCOO ACAICATOGA AGACGTSAfiC 
28021 OCTCACGGCC TACTCOAGTG TCACOGTCOC TCCAACCTAT GCAC CCCCC A OCX3CTCCCTC 
28081 CrrCTGCAATT CGCAACOGCT TAGOGAAAGT CAAATTAIOG GTACCTTTGA GCTOCAGOGT 
28X41 CCCTOGCCT G ACGAAAAOTC CGCGGCTCC6 GOGTTOAXAC TCACTCCXXSC OCTOTGGACG 
28201 TC3CGCTTACC TTOGCAAATT TOTACCPaAS OACTACCACXJ CCCACGAGAT TASGTI C TAC 
28261 GAAGACCAAT CCCGCCCGCC AAATOCGQAG CTTACCGCCT GCGTCATTAC OCASOGCCAC 
28321 ATCCITOGCC AATTCCAA5C CATCAACAAA CCCCGCCAAG ACTTTCTGCT AOGAAAOOGA 
28381 OGGOGGGTTT ACXnV^ACCC CCAOTCCOGC GAOGAGCTCA ACCCAATCCC CCOGCOGCCG 
28441 CAGCCCTATC AGCAGCOGCG GGCCCTTGCT TCCCAGGATS GCACCCAAAA AGAAGCTGCA 
28501 GCTOOOG O OG CCCrCACCCA COGACGAGGA GGAATACTOO GACAGTCAGG CAGAOGAGGT 
28561 mOGAOGAS GAGGAGGAGA TOATOGAAGA ClOGGACAGC CTAGACGAAG cnTCCGAGGC 
28621 CGAAGAGGTG TCAGACGAAA CAGOGTCACC GTOGGTOOCA TTCGOCTCGC OGGCGCCCCA 
28681 GAAATTOGCA ACCGTTCOCA GCAXOGCTAC AACCTCOGCT CCTCAGGOGC OGCCOGCACT 
28741 GCCTGITCGC OGACCCAACC GTAGATSG6A CAOCACTOGA ACCAGGGGOG GTAAGTCTAA 
28801 GCAGCCGCCG CCOTTAGCCC AAfiAfiCAACA ACAGCGQCAA GGCTACCGCT OGTCGOGOOC 
28861 GCACAAGAAC GCCATAGTTO CTTOCTTOCA AGACTGIGGG GGCAACATCT CCTTOGCCCG 
26921 CaXTTTTCTT CTCTACCATC ACGGCGTCOC CTTCCCCCGT AACATCCTOC ATXACTACCG 
28981 TCATCTCTAC AGCCCCTACT GCACCOGCOG CACCGOCAGC OGCAGCAACA GCAOC3GGTCA 
29041 CACAGAAGCA AAGGCGACCC GATAGCAACA CTCTGACAAA GCCCAAQAAA TCCACAGCGG 
29101 CGGCAGCAGC AGOAGGAGGA GCGCTCCCTC TQOCCCCCAA OOAACCCGTA TCGACOCGCG 
29161 AGCTTAGAAA TAGQATTTTT CCCACTCTOT ATCCTATATT TCAACAAAGC AGGGGCCAAG 
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29221 AftClkMAGCT GAMXTMAA MOUXnCtC TOOOCTCOCr OJCCOCaWC «IOCTOTAaC 
29281 XCAAAAGCGA AGMCAOCTT CXSOOOCWJtSC TOOWmOOC 00»OQeTCTC VTCMCAMff 
29341 ACTOOOOGCT OACTCTTAJUS GMaaCCTTC OOOCO CTOTC IKJAMMWJl «ggn m» M^ 

29401 i»onc»3xrp cowjcgoccx cweoooooc cmcxcctcst ocTcaccsooc »n»»t»acft. 

294«1 *£SCaAM?TCC CAOGCCCTAC ATOTefiKOT ACC*fiCC*CX ^^^O*^ OOOOeroaM 

29S21 cwaoccAnox cxActcxAoc caxmacT *cx«aoooc «o«ccomc mg^otcc 

29S81 OgdXCMOOS AX1CCCOOOC CikCCaiVMCC CXATTCTCCT CQAACMOOO C«»mCC^ 
29641 ^ftoi^^ TOATAXCCTO MITOCOCGTA OTTOCSCCCOC aCCCCTOCTO lACCAeOAXX 
S7OI SSSoSS SSStOM cScTTCCCA GACAOeCCCX OOCOaAASTT CAeXTOACTA 
29761, ACXCMOOOC OCAOCnOOO OOOQaCTTTC CTCACWKSCT OOOdTCeCOC TOOCAOSOTOi 
29811 moeiCACCT CUUUUUrCASA OOOOaauOOTA VCCAQCTCAA OOAOOAglOO OTOACCTCCT 
29861 CICTTOOTCT CCCSTCOMAC OaaACATTTC *^WOOCGG OSCTCSCCOC TCTTCAOTTA 
S94I COCCCOSTCA aaCOKSOCXX ACTCWJOOA CCTOarCCTC O»gCOB0GC TC OaSAOCCA 
30001 TIOSAACTCT ACAATTTAOT OUX»ffSTCa WOCTXCGOT Jg^^SS f^^^^ 

30061 CAccTccoGO ccACTAccco <»ccMara. '^^^ ISSSSS jSiSSSS 

30121 COOAOOOCTA OOACTSAATS AOCASTCSM *CfB«fiM03 *«0«CaPB J^SSSS 
aoiai ACCXCTGCCG CCGCCACAAS TOCTTTOCCC CCOOCTCCOO TOCWTOAAT 

3o«i tSSSS ^SSSS SSSS A^^T^ 

30301 OTACAOWAG CCTOATTCOe «CTTTACCA J^^^^ JSSSSS SSSSS 
30361 «COCCTCTOT TCTOACOCSTC CTTTOCAACT ffl^C^je^C ^^^^ SSSoT 
30421 CTTCTCATCT ClCTeCTOAO TATAATAAAT ACAGAAATTA CAATCTACTO op^TCCZOT 
SSl SSSSo WAAOfiCCAC COITTTTACC CACCOjA^ ^SS^SS JJSS^ 
30S41 TCOaOTTTOC ACA ACCX300 C CAAXAACTAC CTTACCTOOT ACTTTAAOGC gCTT^^ 
MCAi MtXMWACX ACSIOTTTCCA OCSOAGXCOJA CTAAGTTTOC CACACAACer TCTCWCTAV. 
"Si S^S^ SSSSaS ScCACCACC ACCACCCtCC t^^^ SSi^fS^ 
Io?21 AOm^T^ SgTTOCTOC OCCCACACCT ACAOCCIOAG CCTAACCASA CATrACTOCC 

. ^67S JSSSS ccoa^ 

^Afi^n nommMvM axmmmUi TTAAOTATAT GAOCAATTCX AGTAACTCTA CAAOCTTOTC 

JSS SSSSS SSSSSS ssss 

30961 ACTMOCACTT CTOK3CCTTA OaOTieOCOC CTOCTCCACC CAC^raTOTA ^OTTCTCA 
mil JSSSS COCOtSMOOC AACATCCAAC XJOAMTAO. WJJJ^ SSSS 

S^SSS SSS^ SSSS^ 

?ji;i jjs^i sssss 3S^« 

IS" S^SiS 

31381 AACTiCTOGC CCCCACAAAA GTGTTTAOAC AAC*CT0OCA JCTTTICTTC CJ^JCTCTO 
31441. CTTATTACAfi CGCTTCerW CCTATCTACC WACnTATC TCAAATgAA JJ^JJJJ^ 
31S01 AOTITOATTC ATCAAAAOAA AATOCCTIGA TTnCCGCTT OCTT^TC JCCTO^CAA 

SSi SSSSS? SSSSS ?SS?SSJ ^SSSSS SSSS^SJ 

^^SJ ^f^^^^^ SSS^ SSSScA CCGOCTCAAC CATCGCGCCC ACAAOOGACT 
fS^SIS^ §ga?SaCAT CTOCCCTAAA TTTACCCCAA QTTCArCCCT 

SSSSS JtmaoSgt GGiGcrmc catagcoctt A-mrr ro TTr 

, 31801 TTOTCAATQA ^.lyMJtaAQC ^^J"^;^^ taAAGCGCAG ACGCGCCAGA CCCCCCATCT 

SSSSi? SSSSS ISSSSS TCATA«Arm; oAcgnc^ 

I1 SSS^JS ScnSS S CAGTATCATT AAATCAGACA TGATTCCTCC ACSTTCITATA 
JJSSSS^ SSS^S ^TG^ 

mil sss^ ssssss ssssj j^sss s^oGmar 

32161 CrCATCTOCA GCCTOGTCAC ^^^^^ CAATACAGAG ACAGGACTAT AGCTOATdT 
32221 GTGCGCATTS OGTACCTCAG 5?StTTTCT TTTOCTCATr TTITGCGCCC 

32281 CKIAGAATTC TTTPJ^MG JJ^^ SScAAaS ACATATTTCC IGCAGAITCA 
32341 TACCaxyroCT TTGCTCCCAA '^^^J?^ SS^AGAG CCATPTOTCA CAAGCCTCGT 
32401 CTCAAATATG J^SJ^SS oSSS^T TTTTOCCCTA OCCATATATC 

32461 TATACGCCAT CATCTCTGTC ^^i^^^ SScCATGAA CCACCCTACT TTCCCAGTOC 
32521 CATACCTTCA CATTCGCTGG ^TS^ro CcSaAOCAA TCAGCCTOGC CCCCCTTCTC 
32581 CCGCTGTCAT ACCACTGCAA CAGGTTATTC CCa->«* 
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32641 CCAOOOCCAC TGAOATTAOC TACTTXAATT AGATOACTGA AlCTCTAGAT 

3270a CTAGAATTOO ATOGAATT3A CACOQMiCAG OGCCTACTAO AAAOGCOCAA QGOQ GQ STOC 
3^2761 GACCXSAOAAC AGMCTTSAA GACA3XX2TTA AOCTACACCA GTCTAAAAOA 

32821 OGTATCTTTT GTOTOOICAA GCAOOOCAAA CTTACCTAOO AAAAAACCAC fCftSoOGCAAC 
32881 OOCCTCAOCT ACAAOCTACC CAOOCAflOGC GAMAACTOO TOCTTATOCST OGGAGAAAAA 
32^41 CCTATCAOOO TCACOCAGCA CXOOOCMSAA ACAOAOOOCT 0CC10CAC3T OCOCIA!rCA6 
33001 OQtrcCAGAOO ACCTCTOCAC TCTTATOMi ACCAT01C7C GTATXAOAGA ICTIATTCCA 
330^i TTCAACTAAC ATAAACACAC AATAAAmC TCACTTAAAA TCASICftfiCA AATCTTTGXC 
33121 CAGCTTA1TC AGCAICACCT CC iUIXJCX T C CICCCAACTC TtSOIATCTCA OCCOOCTTTT. 
33181 AOCXGCAAAC TTTCTCCAAA GTTZAAATGO GAtOTCAAAt TCCTCATSTT CnGTCCCSC 
33241 OOCACCCACT ATCTTCATAT TQTTOCAOAT 6AAACOC0OC AOAOOOICTO AAGACACCTT 
33301 CAACCCOOTC TATCCATATO ACACA£2AAAC OOOOCCTCCA ACTOTCCCCT TTCTTACCCC 
33361 TCCATTTOTT TCACCCAATO CTrTCCAAOA AMTTCCCCCT GOACrPCTCT CTCTAOgOCT 
33421 CTCCXSAACCT TTOOACACCT CCCACQCCAT GCTTOOOCTT AAAATOQQCA GOGOTCTTAC 
33481 CCTAOACAAG GCOGGAAACC TCAOCTCCCA AAATGTAACC ACTCTTACOC AGCCACTTAA 
33S41 AAAAACAAAG TCAAACA7AA GTTT0C2ACAC CICCGCACCA CTTACAATTA CCTCAGGCCC 
3^3601 CCTAACAfiTO GCAACCACOCS CTOCTC TO AT AGTTACTACC CGOOCTCTZA CCCTACAGTC 
33661 ACAAGCCCCA CTCACCGTOC AAOACTCCAA ACTAAGCATT CCTACTAAAO OOCCCATTAC 
3L3721 AOrCTCAOAT C5GAAAOCTAQ CCCT9CAAAC ATCACCCCCC CTCTCTGGCA GTCACACOQA 
937^1 CACCCiTACT GTAACTGCAT CACCOOC36CT AACTACT6CC AOOGGTAOCT TOGGCATTAA 
33841 CATOGAAAAT CCTATTTATO TAAA^TCO AAAAATAOOA ATTAAAASCAA GOCSOTOClTT 
33901. GCAAOT^^SCA CAAAACTOOQ XIACACTAAC AGTAOT7ACT OC3ACCAOOTG TCACOGTSGA 
33961 JiCAAAACTCC CTTACAACCA AAOTTOCAOC AOCTATTOGT TATQAOTCAT CAAACAACAT 
34021 COAAATIAAA ACOGGOOffTG GCATO06TAT AAATAACAAC TKSTXAATTC TASATOIOOA 
34081 ^ACCCATTT GATCCTCAAA CAAAACTACG TCTOAAACTO CQQCAG OGAC COCTGTATAT 
3414i TAATGCATCT CATAACTTOO ACATAAACTA TAACAGAOGC CTATACCTTT CTAATCCATC 
34201 AAACAATACT AAAAAACTCG AACTIACCAT AAAAAAATCC ACTQGACTAA AGTITQATAA 
34261 TACTGCCATA CCTATAAATG CACGAAAOOO TCTGGAGTTT CATACAAACA CATCTQAGTC 
34321 TCCAGATATC AACCCAATAA AAACTAAAAT TGGCTCTCCC ATTCATTACA ATOAAAACOC 
34381 'TOCCATCAn ACTAAACTTO GAOOCSfiCTTT AACCTTTCAC AACTCAGOGG CCATTAC AAT 
34441 AGGAAACAAA AATCATCACA AACTXACCCT GTCGACAACC CCAGACCCAT CTCCTAACTC 
3450 1 CAGAATTCAT TCAGATAATO ACTOCAAATT TACTTTGCTT CTTAC AAAAT GTCGGAGTCA 
34561 AGTACTAGCT ACTCTAGCTC C TTTOCCTGT ATCTGGACAT C VX''I1ATC CA TCACAGG CAC 
34621 OGTTGCAAGT CTTAOTATAT TCCTTACATT TCACCAAAAC GGTCTTCTAA TGGAGAACTC 
34681 CTCACTTAAA AAACATTACT OCAACTTTAG AAATCGGAAC TCAACTAATG CAAATCGATA 
34741 CACAAATCCA GTTOGATTTA TOCCTAACCT TCTAGCXTAT CCAAAAACCC AAAGTCAAAC 
34801 TGCTAAAAAT AACATTCTCA GTCAACTTTA CTTGCATOGT GATAAAACTA AACCTATQAT 
34861 ACTTAOCATT ACACTTAATO GCACTASTCA ATCCACACAA ACTACCGAGG TAAGCACTTA 
34921 CTCTATCTCT TTTACATOGT CCTOGQAAAG TCGAAAATAC A CCACTO AAA wM-JLiv r CTAC 
34981 CAACTCTTAC ACCTTCTCCT ACATTOCCCA GGAATAAAGA ATCCIGAACC TGITGCAICT 
3S041 TATCTTTCAA CGTGGGATCC TTTATTATAC OGGAAGTCCA CGCCTACATG GOGGTAGACT 
3Si01 CATAATCGTC CATCAGGATA OOOCGGTGGT GCTCCAGCAG OGCGCGAATA AACTGCTGCC 
35161 GCXIGCCfiCTC CGTCCTCCAG GAATACAACA TCGCAGTCX5T CTCCTCAGCG ATGATTCGCA 
35221 CCCCCCGCAG CATGAGACGC CTTGTCCTCC GGGCACAGCA OCOCACCCTG ATCTCACTTA 
35281 AATCAGCACA GTAACTCCAG CACAGCACCA CAATATTCTT CAAAATCCCA CAGTGCAAGG 
3S341 CGCTCTATCC AAAGCTCATG GOGOGQACCA CAGAACCCAC GTOGCCATCA TACCA CAAG C 
35401 GCAGGTAGAT TAAGTCGCGA CCCCECATAA ACACCCTCCA CATAAACATT ACCTCTmC 
35461 GCATOnCTA ATTCACCACC TCCCGCTACC ATATAAACCT CTCATTAAAC ATOGCGCCAT 
35S21 CCACCACCAT CCTAAACCAG CTGGCCAAAA CCTCCCCGCC CGCTATCCAC TGCAGCGAAC 
35581 CX3GGACTCGA ACAATCACAG TOGAGAGCCC AGGACTCGTA ACCATCGATC ATCATGCTCG 
35641 TCATOATATC AATGTTGGCA CAACACAOCC ACACGTC^CAT ACACTTCCTC AGGATTACAA 
35701 GCICCTCCCO CGTCAGAACC ATATCCCAGC GAACAACCCA TTCCTCAATC AGCGTAAAIV: 
35761 CCACACTOCA GGGAAGACCT CGCACGTAAC TCACGTTGTC CATIGTCAAA GTGTTACATT 
35821 CGGGCAGCAC CGGATCAtCC TCCAGTATGG TAGCGCGGGT CTCTCTCTCA AAAGGAGGTA 
35881 GGCGATCCCT ACTGTAC3GGA GTGCGCCCAG ACAACCGAGA TCGTCriGGT CGTAGTGTCA 
35941 TCCCAAATGG AACGCCGOAC GTAGTCATAT TTCATCGACA CGCCACCAGC TCAATCAGTC 
36001* ACAGTGTAAA AAGGGCCAAG TACAGAGCGA GTATATATAG GACTAAAAAA TGACGTAACG 
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Modedtide Sequence Analysis (oont) 

^^^^%^%%r^ CCrCAGAAAAC CCCACGOCAX CCTACGCCCX GAXXC GA^ 
36061 OTTAAAOTCX: ACAAXAAACX Ir^S^OTTT TCCCAOGATA CGfTCACTTCC 

««1 CCAAAAJUiOC CAOJJ^^ I^SSS JSStAA AACCTAOGTC 

361B1 CATITrAMA ^J^^^O^ JSS^S J^lSSc S^CTOw TWlTCATATT 
36241 ACCCGCCCCC TTCCCXOGCC COGOOOCAOG wiwv%-^ 
36301 OXrriCAMC CAAXATXAGO TATATTOMA TOMG 
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SEQUENCE LISTING 



10 



(1) GENERAL INFORMATION: 

(i) APPLICANTS: Gregory, R.J., Armentano, D., Couture, L.A,, Smith, 
A.E. 

(ii) TITLE OF INVENTION: GENE THERAPY FOR CYSTIC FIBROSIS 



(iii) NUMBER OP SEQUENCES: 9 

(iv) CORRESPONDENCE ADDRESS: 
15 (A) ADDRESSEE: LAHXVB & GOCKFIELD 

(B) STREET: 60 STATE STREET, SUITE 510 

(C) CITY: BOSTON 

(D) STATE: MASSACHUSETTS 
(B) COUNTRY: USA 

20 (F) ZIP: 02109 

(v) CC»4PUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

25 (C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: ASCII 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
30 (B) FILING DATE: 02 -DEC- 1993 

(C) CLASSIFICATION: 



(vii) PRIOR APPLICATION DATA; 

(A) APPLICATION NUMBER; US 07/985,478 
35 (B) FILING DATE: 02-DEC-1992 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 
(A) NAME: Hanley, Elizabeth A. 

40 (B) REGISTRATION NUMBER: 33,505 

(C) REFERENCE/DOCKET NUMBER: N2I-014CP2PC 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (617) 227-7400 
45 (B) TELEFAX: (617) 227-5941 



(2) INFORMATION FOR SEQ ID N0:1: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6129 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

55 

(ii) MOLECULE TYPE: cDNA 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 133.. 4572 

5 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 



AATTGGAA6C AAATGACATC ACAGCA60TC A6AGAAAAAG 6GTTGA6C66 CAGGCACCCA 60 

10 

GA6TAGTAG6 TCTTTGGCAT TAGGAGCTTG AGCCCAGACG 6CCCTAGCAG GGACCCCAGC 120 

6CCCGAGAGA CC ATG CAG AGG TCG CCT CTG GAA AAG GCC AGC GTT GTC 168 
Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val 
15 15 10 

TCC AAA CTT TTT TTC AGC TGG ACC AGA CCA ATT TTG AGG AAA GGA TAC 216 
Ser Lys Leu Phe Phe Ser Trp Thr Arg Pro lie Leu Arg Lys Gly Tyr 
15 20 25 

20 

AGA CAG CGC CTG GAA TTG TCA GAC ATA TAC CAA ATC CCT TCT GTT GAT 264 
Arg Gin Arg Leu Glu Leu Ser Asp He Tyr Gin He Pro Ser Val Asp 
30 35 40 

25 TCT GCT GAC AAT CTA TCT GAA AAA TTG GAA AGA GAA TGG GAT AGA GAG 312 
Ser Ala Asp Asn Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu 
45 50 55 60 

CTG GCT TCA AAG AAA AAT CCT AAA CTC ATT AAT GCC CTT CGG CGA TGT 360 
30 Leu Ala Ser Lys Lys Asn Pro Lys Leu He Asn Ala Leu Arg Arg Cys 

65 70 75 

TTT TTC TGG AGA TTT ATG TTC TAT GGA ATC TTT TTA TAT TTA GGG GAA 408 
Phe Phe Trp Arg Phe Met Phe Tyr Gly lie Phe Leu Tyr Leu Gly Glu 
35 80 85 90 

GTC ACC AAA GCA GTA CAG CCT CTC TTA CTG GGA AGA ATC ATA GCT TCC 456 

Val Thr Lys Ala Val Gin Pro Leu Leu Leu Gly Arg He He Ala Ser 
95 100 105 

40 

TAT GAC CCG GAT AAC AAG GAG GAA CGC TCT ATC GCG ATT TAT CTA GGC 504 

Tyr Asp Pro Asp Asn Lys Glu Glu Arg Ser He Ala He Tyr Leu Gly 
110 115 120 

45 ATA GGC TTA TGC CTT CTC TTT ATT GTG AGG ACA CTG CTC CTA CAC CCA 552 
He Gly Leu Cys Leu Leu Phe He Val Arg Thr Leu Leu Leu His Pro 
125 130 135 140 

GCC ATT TTT GGC CTT CAT CAC ATT GGA ATG CAG ATG AGA ATA GCT ATG 600 
50 Ala He Phe Gly Leu His His He Gly Met Gin Met Arg He Ala Met 

145 150 155 

TTT AGT TTG ATT TAT AAG AAG ACT TTA AAG CTG TCA AGC CGT GTT CTA 648 
Phe Ser Leu He Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu 
55 160 165 170 
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GAT AAA ATA AGT ATT GGA CAA CTT GTT AGT CTC CTT TCC AAC AAC CTG 696 
Asp Lys lie Ser lie Gly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu 
175 180 185 

5 

AAC AAA TTT GAT GAA GGA CTT GCA TTG GCA CAT TTC GTG TGG ATC GCT 744 
Asn Lys Phe Asp Glu Gly Leu Ala Leu Ala His Phe Val Trp lie Ala 
190 195 200 

10 CCT TTG CAA GTG GCA CTC CTC ATG GGG CTA ATC TGG GAG TTG TTA CAG 792 
Pro Leu Gin Val Ala Leu Leu Met Gly Leu lie Trp Glu Leu Leu Gin 
205 210 215 220 

GCG TCT GCC TTC TGT GGA CTT GGT TTC CTG ATA GTC CTT GCC CTT TTT 840 
IS Ala Ser Ala Phe Cys Gly Leu Gly Phe Leu lie Val Leu Ala Leu Phe 

225 230 235 

CAG GCT GGG CTA GGG AGA ATG ATG ATG AAG TAC AGA GAT CAG AGA GCT 688 
Gin Ala Gly Leu Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala 
20 240 245 250 

GGG AAG ATC AGT GAA AGA CTT GTG ATT ACC TCA GAA ATG ATT GAA AAT 936 
Gly Lys lie Ser Glu Arg Leu Val lie Thr Ser Glu Met lie Glu Asn 
255 260 265 

25 

ATC CAA TCT GTT AAG GCA TAC TGC TGG GAA GAA GCA ATG GAA AAA ATG 984 
lie Gin Ser Val Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met 
270 275 280 

30 ATT GAA AAC TTA AGA CAA ACA GAA CTG AAA CTG ACT CGG AAG GCA GCC 1032 
lie Glu Asn Leu Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala 
285 290 295 300 

TAT GTG AGA TAC TTC AAT AGC TCA GCC TTC TTC TTC TCA GGG TTC TTT 1080 
35 Tyr Val Arg Tyr Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe 

305 310 315 

GTG GTG TTT TTA TCT GTG CTT CCC TAT GCA CTA ATC AAA GGA ATC ATC 1128 
Val Val Phe Leu Ser Val Leu Pro Tyr Ala Leu lie Lys Gly lie lie 
40 320 325 330 

CTC CGG AAA ATA TTC ACC ACC ATC TCA TTC TGC ATT GTT CTG CGC ATG 1176 
Leu Arg Lys lie Phe Thr Thr lie Ser Phe Cys lie Val Leu Arg Met 
335 340 345 



45 



GCG GTC ACT CGG CAA TTT CCC TGG GCT GTA CAA ACA TGG TAT GAC TCT 1224 
Ala Val Thr Arg Gin Phe Pro T^ Ala Val Gin Thr Trp Tyr Asp Ser 
350 355 360 



50 CTT GGA GCA ATA AAC AAA ATA CAG GAT TTC TTA CAA AAG CAA GAA TAT 1272 
Leu Gly Ala lie Asn Lys He Gin Asp Phe Leu Gin Lys Gin Glu Tyr 
365 370 375 380 

AAG ACA TTG GAA TAT AAC TTA ACG ACT ACA GAA GTA GTG ATG GAG AAT 1320 
55 Lys Thr Leu Glu Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn 

385 390 395 



wo 94/12S49 PCTAJS93/11667 

-99- 

GTA ACA GCC TTC TGG GAG GAG GGA TTT GGG GAA TTA TTT GAG AAA GCA 1368 
Val Thr Ala Phe Trp Glu Glu Gly Phe Gly Glu Leu Phe Glu Lys Ala 
400 405 410 

5 

AAA CAA AAC AAT AAC AAT AGA AAA ACT TCT AAT GGT GAT GAG AGC CTC 1416 
Lys Gin Asn Asn Asn Asn Arg Lys Thr Ser Asn Gly Asp Asp Ser Leu 
415 420 425 

10 TTC TTC AGT AAT TTC TCA CTT CTT GGT ACT CCT GTC CTG AAA GAT ATT 1464 
Phe Phe Ser Asn Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp lie 

430 435 440 

AAT TTC AAG ATA GAA AGA GGA CAG TTG TTG GCG GTT GCT GGA TCC ACT 1512 
15 Asn Phe Lys He Glu Arg Gly Gin Leu Leu Ala Val Ala Gly Ser Thr 
445 450 455 460 

GGA GCA GGC AAG ACT TCA CTT CTA ATG ATG ATT ATG GGA GAA CTG GAG 1560 
Gly Ala Gly Lys Thr Ser Leu Leu Met Met He Met Gly Glu Leu Glu 
20 465 470 475 

CCT TCA GAG GGT AAA ATT AAG CAC AGT GGA AGA ATT TCA TTC TGT TCT 1608 
Pro Ser Glu Gly Lys He Lys His Ser Gly Aarg He Ser Phe Cys Ser 
480 485 490 



25 



45 



CAG TTT TCC TGG ATT ATG CCT GGC ACC ATT AAA GAA AAT ATC ATC TTT 1656 
Gin Phe Ser Trp He Met Pro Gly Thr He Lys Glu Asn He He Phe 
495 500 505 



30 GGT GTT TCC TAT GAT GAA TAT AGA TAC AGA AGC GTC ATC AAA GCA TGC 1704 
Gly Val Ser Tyr Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys 
510 515 520 

CAA CTA GAA GAG GAC ATC TCC AAG TTT GCA GAG AAA GAC AAT ATA GTT 1752 
35 Gin Leu Glu Glu Asp He Ser Lys Phe Ala Glu Lys Asp Asn He Val 
525 530 535 540 

CTT GGA GAA GGT GGA ATC ACA CTG AGT GGA GGT CAA CGA GCA AGA ATT 1800 
Leu Gly Glu Gly Gly He Thr Leu Ser Gly Gly Gin Arg Ala Arg He 
40 545 550 555 

TCT TTA GCA AGA GCA GTA TAC AAA GAT GCT GAT TTG TAT TTA TTA GAC 1848 
Ser Leu Ala Arg Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp 
560 565 570 



TCT CCT TTT GGA TAC CTA GAT GTT TTA ACA GAA AAA GAA ATA TTT GAA 1896 
Ser Pro Phe Gly Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu 
575 580 585 



50 AGC TGT GTC TGT AAA CTG ATG GCT AAC AAA ACT AGG ATT TTG GTC ACT 1944 
Ser Cys Val Cys Lys Leu Met Ala Asn Lys Thr Arg He Leu Val Thr 
590 595 600 

TCT AAA ATG GAA CAT TTA AAG AAA GCT GAC AAA ATA TTA ATT TTG CAT 1992 
55 ser Lys Met Glu His Leu Lys Lys Ala Asp Lys He Letx He Leu His 
605 610 620 
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GAA GGT AGC AGC TAT TTT TAT GGG ACA TTT TCA GAA CTC CAA AAT CTA 2040 
Glu Gly Ser Ser Tyx Phe Tyr Gly Thr Phe Ser Glu Leu Gin Asn Leu 
625 630 635 

5 

CAG CCA GAC TTT AGC TCA AAA CTC ATG GGA TGT GAT TOT TTC GAC CAA 2088 
Gin Pro Asp Phe Ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin 
640 645 650 

10 TTT AGT GCA GAA AGA AGA AAT TCA ATC CTA ACT GAG ACC TTA CAC CGT 2136 
Phe Ser Ala Glu Arg Arg Asn Ser lie Leu Thr Glu Thr Leu His Arg 
655 660 665 

TTC TCA TTA GAA GGA GAT GCT CCT GTC TCC TGG ACA GAA ACA AAA AAA 2184 
IS Phe Ser Leu Glu Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys 
670 675 680 

CAA TCT TTT AAA CAG ACT GGA GAG TTT GGG GAA AAA AGG AAG AAT TCT 2232 
Gin Ser Phe Lys Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser 
20 685 690 695 700 

ATT CTC AAT CCA ATC AAC TCT ATA CGA AAA TTT TCC ATT GTG CAA AAG 2280 
He Leu Asn Pro He Asn Ser He Arg Lys Phe Ser He Val Gin Lys 

705 710 715 

25 

ACT CCC TTA CAA ATG AAT GGC ATC GAA GAG GAT TCT GAT GAG CCT TTA 2328 
Thr Pro Leu Gin Met Asn Gly He Glu Glu Asp Ser Asp Glu Pro Leu 
720 725 730 

30 GAG AGA AGG CTG TCC TTA GTA CCA GAT TCT GAG CAG GGA GAG GCG ATA 2376 
Glu Arg Arg Leu Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala He 
735 740 745 

CTG CCT CGC ATC AGC GTG ATC AGC ACT GGC CCC ACG CTT CAG GCA CGA 2424 
35 Leu Pro Arg He Ser Val He Ser Thr Gly Pro Thr Leu Gin Ala Arg 

750 755 760 

AGG AGG CAG TCT GTC CTG AAC CTG ATG ACA CAC TCA GTT AAC CAA GGT 2472 
Arg Arg Gin Ser Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly 
40 765 770 775 780 

CAG AAC ATT CAC CGA AAG ACA ACA GCA TCC ACA CGA AAA GTG TCA CTG 2520 
Gin Asn He His Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu 
785 790 795 

45 

GCC CCT CAG GCA AAC TTG ACT GAA CTG GAT ATA TAT TCA AGA AGG TTA 2568 
Ala Pro Gin Ala Asn Leu Thr Glu Leu Asp He Tyr Ser Arg Arg Leu 
800 805 810 

50 TCT CAA GAA ACT GGC TTG GAA ATA AGT GAA GAA ATT AAC GAA GAA GAC 2616 
Ser Gin Glu Thr Gly Leu Glu He Ser Glu Glu He Asn Glu Glu Asp 
815 820 825 

TTA AAG GAG TGC CTT TTT GAT GAT ATG GAG AGC ATA CCA GCA GTG ACT 2664 
55 Leu Lys Glu Cys Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr 
830 835 840 
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ACA TGG AAC ACA TAG CTT CGA TAT ATT ACT GTC CAC AAG AGC TTA ATT 2712 

Thr Trp Asn Thr Tyr Leu Arg Tyr lie Thr Val His Lys Ser Leu lie 
845 850 855 860 

5 

TTT GTG CTA ATT TGG TGC TTA GTA ATT TTT CTG GCA GAG GTG GCT GCT 2760 

Phe Val Leu lie Trp Cys Leu Val lie Phe* Leu Ala Glu Val Ala Ala 
665 870 875 

10 TCT TTG GTT GTG CTG TGG CTC CTT GGA AAC ACT CCT CTT CAA GAC AAA 2808 

Ser Leu Val Val Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys 
880 B85 890 

GGG AAT AGT ACT CAT AGT AGA AAT AAC AGC TAT GCA GTG ATT ATC ACC 2856 

15 Gly Asn Ser Thr His Ser Arg Asn Asn Ser Tyr Ala Val He He Thr 
895 900 905 

AGC ACC AGT TCG TAT TAT GTG TTT TAC ATT TAC GTG GGA GTA GCC GAC 2904 

Ser Thr Ser Ser Tyr Tyr Val Phe Tyr He Tyr Val Gly Val Ala Asp 

20 9X0 915 920 

ACT TTG CTT GCT ATG GGA TTC TTC ASA GGT CTA CCA CTG GTG CAT ACT 2952 
Thr Leu Leu Ala Met Gly Phe Phe Arg Gly Leu Pro Leu Val His Thr 
925 930 935 940 



25 



45 



CTA ATC ACA GTG TCG AAA ATT TTA CAC CAC AAA ATG TTA CAT TCT GTT 3000 
Leu He Thr Val Ser Lys He Leu His His Lys Met Leu His Ser Val 
945 950 955 



30 CTT CAA GCA CCT ATG TCA ACC CTC AAC ACG TTG AAA GCA GGT GGG ATT 3048 
Leu Gin Ala Pro Met Ser Thr Leu Asn Thr Leu Lys Ala Gly Gly He 
960 965 970 

CTT AAT AGA TTC TCC AAA GAT ATA GCA ATT TTG GAT GAC CTT CTG CCT 3096 
35 Leu Asn Arg Phe Ser Lys Asp He Ala He Leu Asp Asp Leu Leu Pro 
975 980 985 

CTT ACC ATA TTT GAC TTC ATC CAG TTG TTA TTA ATT GTG ATT GGA GCT 3144 
Leu Thr He Phe Asp Phe He Gin Leu Leu Leu He Val He Gly Ala 
40 990 995 1000 

ATA GCA GTT GTC GCA GTT TTA CAA CCC TAC ATC TTT GTT GCA ACA GTG 3192 
He Ala Val Val Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Val 
1005 1010 1015 1020 



CCA GTG ATA GTG GCT TTT ATT ATG TTG AGA GCA TAT TTC CTC CAA ACC 3240 
Pro Val He Val Ala Phe He Met Leu Arg Ala Tyr Phe Leu Gin Thr 
1025 1030 1035 



50 TCA CAG CAA CTC AAA CAA CTG GAA TCT GAA GGC AGG AGT CCA ATT TTC 3288 
Ser Gin Gin Leu Lys Gin Leu Glu Ser Glu Gly Arg Ser Pro He Phe 
1040 1045 1050 

ACT CAT CTT GTT ACA AGC TTA AAA GGA CTA TGG ACA CTT CGT GCC TTC 3336 
55 Thr His Leu Val Thr Ser Leu Lys Gly Leu Trp Thr Leu Arg Ala Phe 
1055 1060 1065 
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GGA CGG CAG CCT TAG TTT GAA ACT CTG TTC CAC AAA OCT CTG AAT TTA 3384 

Gly Arg Gin Pro Tyr Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu 
1070 1075 1080 

5 

CAT ACT GCC AAC TGQ TTC TTG TAC CTG TCA ACA CTG CGC TGG TTC CAA' 3432 

His Thr Ala Asn Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gin 
1085 1090 1095 1100 

10 ATG AGA ATA GAA ATQ ATT TTT GTC ATC TTC TTC ATT GCT GTT ACC TTC 3480 
Met Arg He Glu Met He Phe Val He Phe Phe He Ala Val Thr Phe 
1105 1110 1115 



ATT TCC ATT TTA ACA ACA GGA GAA GGA GAA GGA AGA GTT GGT ATT ATC 3528 
15 He Ser He Leu Thr Thr Gly Glu Gly Glu Gly Arg Val Gly He He 
1120 1125 1130 



CTG ACT TTA GCC ATG AAT ATC ATG AGT ACA TTG CAG TGG GCT GTA AAC 3576 
Leu Thr Leu Ala Met Asn He Met Ser Thr Leu Gin Trp Ala Val Asn 
20 1135 1140 1145 



TCC AGC ATA GAT GTG GAT AGC TTG ATG CGA TCT GTG AGC CGA GTC TTT 3624 
Ser Ser He Asp Val Asp Ser Leu Met Arg Ser Val Ser Arg Val Phe 

1150 1155 1160 

25 

AAG TTC ATT GAC ATG CCA ACA GAA GGT AAA CCT ACC AAG TCA ACC AAA 3672 
Lys Phe He Asp Met Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Lys 
1165 1170 1175 1180 

30 CCA TAC AAG AAT GGC CAA CTC TCG AAA GTT ATG ATT ATT GAG AAT TCA 3720 
Pro Tyr Lys Asn Gly Gin Leu Ser Lys Val Met He He Glu Asn Ser 
1185 1190 1195 



CAC GTG AAG AAA GAT GAC ATC TGG CCC TCA GGG GGC CAA ATG ACT GTC 3768 
35 His Val Lys Lys Asp Asp He Trp Pro Ser Gly Gly Gin Met Thr Val 
1200 1205 1210 



AAA GAT CTC ACA GCA AAA TAC ACA GAA GGT GGA AAT GCC ATA TTA GAG 3816 
Lys Asp Leu Thr Ala Lys Tyr Thr Glu Gly Gly Asn Ala He Leu Glu 
40 1215 1220 1225 



45 



AAC ATT TCC TTC TCA ATA AGT CCT GGC CAG AGQ GTG GGC CTC TTG GGA 3864 
Asn He Ser Phe Ser He Ser Pro Gly Gin Arg Val Gly Leu Leu Gly 
1230 1235 1240 

AGA ACT GGA TCA GGG AAG AGT ACT TTG TTA TCA GCT TTT TTG AGA CTA 3912 
Arg Thr Gly Ser Gly Lys Ser Thr Leu Leu Ser Ala Phe Leu Arg Leu 
1245 1250 1255 1260 

50 CTG AAC ACT GAA GGA GAA ATC CAG ATC GAT GGT GTG TCT TGG GAT TCA 3960 
lieu Asn Thr Glu Gly Glu He Gin He Asp Gly Val Ser Trp Asp Ser 
1265 1270 1275 



55 



ATA ACT TTG CAA CAG TGG AGG AAA GCC TTT GGA GTG ATA CCA CAG AAA 
He Thr Leu Gin Gin Trp Arg Lys Ala Phe Gly Val He Pro Gin Lys 
1280 1265 1290 
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GTA TTT ATT TTT TCT GGA ACA TTT AGA AAA AAC TTQ GAT CCC TAT GAA 4056 
Val Phe lie Phe Ser Gly Thr Phe Arg Lys Asn Leu Asp Pro Tyr Glu 
1295 1300 1305 

5 

CAG TGG AGT GAT CAA GAA ATA TGG AAA GTT GCA GAT GAG GTT GGG CTC 4104 
Gin Trp Ser Asp Gin Glu lie Trp Lys Val Ala Asp Glu Val Gly Leu 
1310 1315 1320 

10 AGA TCT GTG ATA GAA CAG TTT CCT GGG AAG CTT GAC TTT GTC CTT GTG 4152 
Arg Ser Val lie Glu Gin Phe Pro Gly Lys Leu Asp Phe Val Leu Val 
1325 1330 1335 1340 

GAT GGG GGC TGT GTC CTA AGC CAT GGC CAC AAG CAG TTG ATG TQC TTQ 4200 
15 Asp Gly Gly Cys Val Leu Ser His Gly His Lys Gin Leu Ftet Cys Leu 

1345 1350 1355 

GCT AGA TCT GTT CTC AGT AAG GCG AAG ATC TTG CTG CTT GAT GAA CCC 4248 
Ala Arg Ser Val Leu Ser Lys Ala Lys lie Leu Leu Leu Asp Glu Pro 
20 1360 1365 1370 

AGT GCT CAT TTG GAT CCA GTA ACA TAC CAA ATA ATT AGA AGA ACT CTA 4296 
Ser Ala His Leu Asp Pro Val Thr Tyr Gin lie He Arg Arg Thr Leu 
1375 1380 1385 

25 

AAA CAA GCA TTT GCT GAT TGC ACA GTA ATT CTC TGT GAA CAC AGG ATA 4344 
Lys Gin Ala Phe Ala Asp Cys Thr Val He Leu Cys Glu His Arg He 
1390 1395 1400 

30 GAA GCA ATG CTG GAA TGC CAA CAA TTT TTG GTC ATA GAA GAG AAC AAA 4392 
Glu Ala Met Leu Glu Cys Gin Gin Phe Leu Val He Glu Glu Asn Lys 
1405 1410 1415 1420 

GTG CGG CAG TAC GAT TCC ATC CAG AAA CTG CTG AAC GAG AGG AGC CTC 4440 
35 Val Arg Gin Tyr Asp Ser He Gin Lys Leu Leu Asn Glu Arg Ser Leu 

1425 1430 1435 

TTC CGG CAA GCC ATC AGC CCC TCC GAC AGG GTG AAG CTC TTT CCC CAC 4488 
Phe Arg Gin Ala He Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His 
40 1440 1445 1450 

CGG AAC TCA AGC AAG TGC AAG TCT AAG CCC CAG ATT GCT GCT CTG AAA 4536 
Arg Asn Ser Ser Lys Cys Lys Ser Lys Pro Gin He Ala Ala Leu Lys 
1455 1460 1465 

45 

GAG GAG ACA GAA GAA GAG GTG CAA GAT ACA AGG CTT TAGAGAGCAG 4582 
Glu Glu Thr Glu Glu Glu Val Gin Asp Thr Arg Leu 
1470 1475 1480 

50 CATAAATGTT GACATGGQAC ATTTGCTCAT GGAATTGGAG CTCGTGGGAC AGTCACCTCA 4642 

TGGAATTGGA GCTCGTGGAA CAGTTACCTC TGCCTCAGAA AACAAGGATG AATTAAGTTT 4702 

TTTTTTAAAA AAGAAACATT TGGTAAGGGG AATTGAGGAC 

55 

ATGGCTTCCT GGCAATAGTC AAATTGTGTG AAAGGTACTT 
ACTTGTGTTT TGCAAGCCAG ATTTTCCTGA AAACCCTTGC 



ACTGATATGG GTCTTGATAA 4762 
CAAATCCTTG AAGATTTACC 4822 
CATGTGCTAG TAATTGGAAA 4882 
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GGCAGCTCTA AATGTCAATC AGCCTAGTTG ATCAGCTTAT TGTCTAGTGA AACTCGTTAA 4942 

TTTGTAGTGT TGGAGAAGAA CTGAAATCAT ACTTCTTAGG GTTATGATTA AGTAATGATA 5002 

5 ACTGGAAACT TCAGCGGTTT ATATAAGCTT GTATTCCTTT TTCTCTCCTC TCCCCATGAT 5062 

GTTTAGAAAC ACAACTATAT TGTTTGCTAA GCATTCCAAC TATCTCATTT CCAAGCAAGT 5122 

ATTAGAATAC CACAGGAACC ACAAGACTGC ACATCAAAAT ATGCCCCATT CAACATCTAG 5182 

10 

TGAGCAGTCA GGAAAGAGAA CTTCCAGATC CTGGAAATCA GGGTTAGTAT TGTCCAGGTC 5242 

TACCAAAAAT CTCAATATTT CAGATAATCA CAATACATCC CTTACCTGGG AAAGGGCTGT 5302 

15 TATAATCTTT CACAGGGGAC AGGATGGTTC CCTTGATGAA GAAGTTGATA TGCCTTTTCC 5362 

CAACTCCAGA AAGTGACAAG CTCACAGACC TTTGAACTAO AGTTTAGCTG GAAAAGTATG 5422 

TTAGTGCAAA TTGTCACAGG ACAGCCCTTC TTTCCACAGA AGCTCCAGGT AGAGGGTGTG 5482 

20 

TAAGTAGATA GGCCATGGGC ACTGTGGGTA GACACACATG AAGTCCAAGC ATTTAGATGT 5542 

ATAGGTTGAT GGTGGTATGT TTTCAGGCTA GATGTATGTA CTTCATGCTG TCTACACTAA 5602 

25 GAGAGAATGA GAGACACACT GAAGAAGCAC CAATCATGAA TTAGTTTTAT ATGCTTCTGT 5662 

TTTATAATTT TaTOAAOCAA AATTTTTTCT CTAGGAAATA TTTATTTTAA TAATGTTTCA 5722 " 

AACATATATT ACAATGCTGT ATTTTAAAAG AATGATTATG AATTACATTT GTATAAAATA 5782 

30 

ATTTTTATAT TTGAAATATT GACTTTTTAT GGCACTAGTA TTTTTATGAA ATATTATGTT 5842 

AAAACTGGGA CAGGGGAGAA CCTAGGGTGA TATTAACCAG GGGCCATGAA TCACCTTTTG 5902 

35 GTCTGGAGGG AAGCCTTGGG GCTGATCGAG TTQTTGCCCA CAGCTGTATG ATTCCCAGCC 5962 

AGACACAGCC TCTTAGATGC AGTTCTGAAG AAGATGGTAC CACCAGTCTG ACTGTTTCCA 6022 

TCAAGGGTAC ACTGCCTTCT CAACTCCAAA CTGACTCTTA AGAAGACTGC ATTATATTTA 6082 

TTACTGTAAG AAAATATCAC TTGTCAATAA AATCCATACA TTTGTGT 6129 



40 



(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCB CHARACTERISTICS: 

(A) LENGTH: 1480 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQXJENCE DESCRIPTION: SEQ ID N0:2: 

55 Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val Ser Lys Leu Phe 
1 5 10 15 



45 



50 
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Phe Ser Trp Thr Arg Pro lie Leu Arg Lys Gly Tyr Arg Gin Arg Leu 
20 25 30 

5 Glu Leu Ser Asp lie Tyr Gin lie Pro Ser Val Asp Ser Ala Asp Asn 
35 40 45 

Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu Leu Ala Ser Lys 
50 55 60 

10 

Lys Asn Pro Lys Leu lie Asn Ala Leu Arg Arg Cys Phe Phe Trp Arg 

65 70 75 80 

Phe Met Phe Tyr Gly lie Phe Leu Tyr Leu Gly Glu Val Thr Lys Ala 
15 85 90 95 

Val Gin Pro Leu Leu Leu Gly Arg lie lie Ala Ser Tyr Asp Pro Asp 
100 105 110 

20 Asn Lys Glu Glu Arg Ser lie Ala He Tyr Leu Gly He Gly Leu Cys 
115 120 125 

Leu Leu Phe He Val Arg Thr Leu Leu Leu His Pro Ala He Phe Gly 
130 135 140 

25 

Leu His His He Gly Met Gin Met Arg He Ala Met Phe Ser Leu He 
145 150 155 160 

Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu Asp Lys He Ser 
30 165 170 175 

He Gly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu Asn Lys Phe Asp 
160 185 190 

35 Glu Gly Leu Ala Leu Ala His Phe Val Trp He Ala Pro Leu Gin Val 
195 200 205 

Ala Leu Leu Met Gly Leu He Trp Glu Leu Leu Gin Ala Ser Ala Phe 
210 215 220 

40 

Cys Gly Leu Gly Phe Leu He Val Leu Ala Leu Phe Gin Ala Gly Leu 
225 230 235 240 

Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala Gly Lys He Ser 
45 245 250 255 

Glu Arg Leu Val He Thr Ser Glu Met He Glu Asn He Gin Ser Val 

260 265 270 

50 Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met He Glu Asn Leu 
275 280 285 

Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala Tyr Val Arg Tyr 
.290 295 300 

55 

Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe Val Val Phe Leu 
305 310 315 320 
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Ser Val Leu Pro Tyr Ala Leu lie Lys Gly lie lie Leu Arg Lys lie 
325 330 335 

5 Phe Thr Thr lie Ser Phe Cys He Val Leu Arg Met Ala Val Thr Arg 
340 345 350 

Gin Phe Pro Trp Ala Val Gin Thr Trp Tyr Asp Ser Leu Gly Ala He 
355 360 365 

10 

Asn Lys He Gin Asp Phe Leu Gin Lys Gin Glu Tyr Lys Thr Leu Glu 
370 375 380 

Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn Val Thr Ala Phe 
IS 385 390 395 400 

Trp Glu Glu Gly Phe Gly Glu Leu Phe Glu Lys Ala Lys Gin Asn Asn 
405 410 415 

20 Asn Asn Arg Lys Thr Ser Asn Gly Asp Asp Ser Leu Phe Phe Ser Asn 
420 425 430 

Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp He Asn Phe Lys He 
435 440 445 

25 

Glu Arg Gly Gin Ijeu Leu Ala Val Ala Gly Ser Thr Gly Ala Gly Lys 
450 455 460 

Thr Ser Leu Leu Met Met He Met Gly Glu Leu Glu Pro Ser Glu Gly 
30 465 470 475 480 

Lys He Lys His Ser Gly Arg He Ser Phe Cys Ser Gin Phe Ser Trp 
485 490 495 

35 He Met Pro Gly Thr He Lys Glu Asn He He Phe Gly Val Ser Tyr 
500 505 510 

Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys Gin Leu Glu Glu 
515 520 525 

40 

Asp He Ser Lys Phe Ala Glu Lys Asp Asn He Val Leu Gly Glu Gly 
530 535 540 

Gly He Thr Leu Ser Gly Gly Gin Arg Ala Arg He Ser Leu Ala Arg 
45 545 550 555 560 

Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp Ser Pro Phe Gly 
565 570 575 

50 Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu Ser Cys Val Cys 
580 585 590 

Lys Leu Met Ala Asn Lys Thr Arg He Leu Val Thr Ser Lys Met Glu 
595 600 605 

55 

His Leu Lys Lys Ala Asp Lys He Leu He Leu His Glu Gly Ser Ser 
610 615 620 
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Tyr Phe Tyr Gly Thr Phe Ser Glu Leu Gin Asn Leu Gin Pro Asp Phe 
625 630 635 640 

5 Ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin Phe Ser Ala Glu 

645 650 655 

Ar9 Arg Asn Ser lie Leu Thr Glu Thr Leu His Arg Phe Ser Leu Glu 
660 665 670 

10 

Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys Gin Ser Phe Lys 
675 680 685 

Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser lie Leu Asn Pro 
15 690 695 700 

lie Asn Ser lie Arg Lys Phe Ser lie Val Gin Lys Thr Pro Leu Gin 
705 710 715 720 

20 Met Asn Gly lie Glu Glu Asp Ser Asp Glu Pro Leu Glu Arg Arg Leu 

725 730 735 

Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala lie Leu Pro Arg lie 
740 745 750 

25 

Ser Val lie Ser Thr Gly Pro Thr Leu Gin Ala Arg Arg Arg Gin Ser 
755 760 765 

Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly Gin Asn lie His 
30 770 775 780 

Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu Ala Pro Gin Ala 
785 790 795 800 

35 Asn Leu Thr Glu Leu Asp lie Tyr Ser Arg Arg Leu Ser Gin Glu Thr 

805 810 815 

Gly Leu Glu lie Ser Glu Glu He Asn Glu Glu Asp Leu Lys Glu Cys 
820 825 830 

40 

Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr Thr Trp Asn Thr 
635 840 845 

Tyr Leu Arg Tyr He Thr Val His Lys Ser Leu He Phe Val Leu He 
45 850 855 860 

Trp Cys Leu Val He Phe Leu Ala Glu Val Ala Ala Ser Leu Val Val 
865 870 875 880 

50 Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys Gly Asn Ser Thr 

885 890 895 

His Ser Arg Asn Asn Ser Tyr Ala Val He He Thr Ser Thr Ser Ser 
900 905 910 

Tyr Tyr Val Phe Tyr He Tyr Val Gly Val Ala Asp Thr Leu Leu Ala 
915 920 925 
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10 



25 



40 



55 



Met Gly Pile Phe Arg Gly Leu Pro Leu Val His Thr Leu He Thr Val 
930 935 940 

Ser Lys He Leu His His Lys Met Leu His Ser Val Leu Gin Ala Pro 
945 950 955 960 

Met Ser Thr Leu Asn Thr Leu Lys Ala Gly Gly He Leu Asn Arg Phe 
965 970 975 

Ser Lys Asp He Ala He Leu Asp Asp Leu Leu Pro lieu Thr He Phe 
980 985 990 



Asp Phe He Gin Leu Leu Leu He Val He Gly Ala He Ala Val Val 
15 995 1000 1005 

Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Val Pro Val He val 
1010 1015 1020 

20 Ala Phe He Met Leu Arg Ala Tyr Phe Leu Gin Thr Ser Gin Gin Leu 
1025 1030 1035 1040 



Lys Gin Leu Glu Ser Glu Gly Arg Ser Pro He Phe Thr His Leu Val 
1045 1050 1055 

Thr Ser Leu Lys Gly Leu Trp Thr Leu Arg Ala Phe Gly Arg Gin Pro 
1060 1065 1070 



Tyr Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu His Thr Ala Asn 
30 1075 1080 1085 

Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gin Met Arg He Glu 
1090 1095 1100 

35 Met He Phe Val He Phe Phe He Ala Val Thr Phe He Ser He Leu 
1105 1110 1115 1120 



Thr Thr Gly Glu Gly Glu Gly Arg Val Gly He He Leu Thr Leu Ala 
1125 1130 1135 

Met Asn He Met Ser Thr Leu Gin Trp Ala Val Asn Ser Ser He Asp 
1140 1145 1150 



Val Asp Ser Leu Met Arg Ser Val Ser Arg Val Phe Lys Phe He Asp 
45 1155 1160 1165 

Met Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Lys Pro Tyr Lys Asn 
1170 1175 1180 

50 Gly Gin Leu Ser Lys Val Met He He Glu Asn Ser His Val Lys Lys 
1185 1190 1195 1200 



Asp Asp He Trp Pro Ser Gly Gly Gin Met Thr Val Lys Asp Leu Thr 
1205 1210 1215 

Ala Lys Tyr Thr Glu Gly Gly Asn Ala He Leu Glu Asn He Ser Phe 
1220 1225 1230 
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Ser lie Ser Pro Gly Gin Arg Val Gly Leu Leu Gly Arg Thr Gly ser 
1235 1240 1245 

5 Gly Lys ser Thr Leu Leu Ser Ala Phe Leu Arg Leu Leu Asn Thr Qlu 
1250 1255 1260 

Gly Glu He Gin He Asp Gly Val Ser Trp Asp Ser He Thr Leu Gin 
1265 1270 1275 1280 

10 

Gin Trp Arg Lys Ala Phe Gly Val He Pro Gin Lys Val Phe He Phe 
1285 1290 1295 

Ser Oly Thr Pbe Arg Lys Asn Leu Asp Pro Tyr Glu Gin Trp Ser Asp 
15 1300 1305 1310 

Gin Glu He Trp Lys Val Ala Asp Glu Val Gly Leu Arg Ser Val He 
1315 1320 1325 

20 Glu Oln Phe Pro Gly Lys Leu Asp Phe Val Leu Val Asp Gly Gly Cys 
1330 1335 1340 

Val Leu Ser His Gly His Lys Gin Leu Met Cys Leu Ala Arg Ser Val 
1345 1350 1355 1360 

25 

Leu Ser Lys Ala Lys He Leu Leu Leu Asp Glu Pro Ser Ala His Leu 
1365 1370 1375 

• Asp Pro Val Thr Tyr Gin He He Arg Arg Thr Leu Lys Gin Ala Phe 
30 1380 1385 1390 

Ala Asp Cys Thr Val He Leu Cys Glu His Arg He Glu Ala Met Leu 
1395 1400 1405 

35 Glu cys Gin Gin Phe Leu Val He Glu Glu Asn Lys Val Arg Gin Tyr 
1410 1415 1420 

Asp Ser He Gin Lys Leu Leu Asn Glu Arg Ser Leu Phe Arg Gin Ala 
1425 1430 1435 1440 

40 

He Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His Arg Asn Ser Ser 
1445 1450 1455 

Lys cys Lys Ser Lys Pro Gin He Ala Ala Leu Lys Glu Glu Thr Glu 
45 1460 1465 1470 

Glu Glu Val Gin Asp Thr Arg Leu 
1475 1480 

50 (2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5635 base pairs 

(B) TYPE: nucleic acid 
55 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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110. 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CATCATCAAT AATATACCTT ATTTTGOATT GAAGCCAATA TGATAATGAG GGGGTGGAGT 60 

TTGTGACGTG GCGCGGQGCG TGGGAACGGG GCGGGTGACG TAGTAGTGTG GCGGAAGTGT 120 

GATGTTGCAA GTGTGGCGGA ACACATGTAA GCGCCGGATQ TGGTAAAAGT GACGTTTTTG 180 

GTGTGCGCCG GTGTATACGG GAAGTGACAA TTTTCGCGCG GTTTTAGGCG GATGTTGTAG 240 

TAAATTTGGG CGTAACCAAG TAATQTTTGG CCATTTTCGC GGGAAAACTG AATAAGAGGA 300 

AGTGAAATCT GAATAATTCT GTGTTACTCA TAGCQCGTAA TATTTGTCTA GGGCCQCGGG 360 

GACTTTGACC GTTTACGTGG AGACTCGCCC AGGTGTTTTT CTCAGGTGTT TTCCGCGTTC 420 

CGGGTCAAAG TTGGCGTTTT ATTATTATAG TCAGCTGACG CGCAGTGTAT TTATACCCGG 480 

TGAGTTCCTC AAGAGGCCAC TCTTGAGTGC CAGCGAGTAG AGTTTTCTCC TCCGAGCCGC 540 

TCCGAGCTAG TAACGGCCGC CAGTGTGCTG CAGATATCAA AGTCGACGGT ACCCGAGAGA 600 

CCATGCAGAG GTCGCCTCTG GAAAAGGCCA GCGTTGTCTC CAAACTTTTT TTCAGCTGGA 660 

CCAGACCAAT TTTGAGGAAA GGATACAGAC AGC6CCTGGA ATTGTCAGAC ATATACCAAA 720 

TCCCTTCTGT TGATTCTGCT QACAATCTAT CTGAAAAATT GGAAAGAGAA TGGGATAGAG 760 

AGCTGGCTTC AAAGAAAAAT CCTAAACTCA TTAATGCCCT TCGGCGATGT TTTTTCTGGA 840 

GATTTATGTT CTATGGAATC TTTTTATATT TAGGGGAAGT CACCAAAGCA GTACAGCCTC 900 

TCTTACTGGG AAGAATCATA GCTTCCTATG ACCCGGATAA CAAGGAGGAA CGCTCTATCG 960 

CGATTTATCT AGGCATAGGC TTATGCCTTC TCTTTATTGT GAGGACACTG CTCCTACACC 1020 

CAGCCATTTT TGGCCTTCAT CACATTGGAA T6CAGATGA6 AATAGCTATG TTTAGTTTQA 1080 

TTTATAAGAA GACTTTAAAG CTGTCAAGCC GTGTTCTAGA TAAAATAA6T ATTGGACAAC 1140 

TTGTTAGTCT CCTTTCCAAC AACCTGAACA AATTTGATGA AGGACTTGCA TTGGCACATT 1200 

TCGTGTGGAT CGCTCCTTTG CAAGTGGCAC TCCTCATGGG GCTAATCTGG GAGTTGTTAC 1260 

AGGCGTCTGC CTTCTGTGGA CTTGGTTTCC TGATAGTCCT TGCCCTTTTT CAGGCTGGGC 1320 

TAGGGAGAAT GATGATGAAG TACAGAGATC AGAGAGCTGG GAAGATCAGT GAAAGACTTG 1380 

TGATTACCTC AGAAATGATT GAAAACATCC AATCTGTTAA GGCATACTGC TGGGAAGAAG 1440 

CAATGGAAAA AATGATTGAA AACTTAAGAC AAACAGAACT GAAACTGACT CGGAAGGCAG 1500 

CCTATGTGAG ATACTTCAAT AGCTCAGCCT TCTTCTTCTC AGGGTTCTTT QTQGTGTTTT 1560 

TATCTGTGCT TCCCTATGCA CTAATCAAAG GAATCATCCT CCGGAAAATA TTCACCACCA 1620 

TCTCATTCTG CATTGTTCTG CGCATGGCGG TCACTCGGCA ATTTCCCTGG GCTGTACAAA 1680 
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CATGGTATGA CTCTCTTGGA GCAATAAAOl AAATACAGGA TTTCTTACAA. AAQCAAGAAT 1740 

ATAAGACATT 6GAATATAAC TTAACGACTA CAGAAGTA6T GATGGAGAAT GTAACAGCCT 1800 

5 TCTGGGAGGA GGGATTTGG6 6AATTATTTG AGAAAGCAAA ACAAAACAAT AAGAATAGAA 1860 

AAACTTCTAA TGGTGATGAC AGCCTCTTCT TCAGTAATTT CTCACTTCTT GGTACTCCTG 1920 

TCCTGAAAGA TATTAATTTC AAGATAGAAA GAGGACAGTT GTTGGCGGTT GCTGGATCCA 1980 

10 

CTGGAOCA6G CAAGACTTCA CTTCTAATGA TGATTATG6G AGAACTGGAG CCTTCAGAGG 2040 

GTAAAATTAA QCACAOTGGA AGAATTTCAT TCTGTTCTGA GTTTTCCTGG ATTATGCCTG 2100 

15 GCACCATTAA AGAAAATATC ATCTTTGGTG TTTCCTATOA TGAATATAGA TACAGAAGCG 2160 

TCATCAAAGC ATGCCAACTA GAAGAGGACA TCTCCAAGTT TGCAGAGAAA GACAATATAG 2220 

TTCTTGGAGA AGGTGGAATC ACACTGAGTG GAGGTCAACG AGCAAGAATT TCTTTAGCAA 2280 

20 

GAGCAGTATA CAAAGATGCT GATTTGTATT TATTAGACTC TCCTTTTGGA TACCTAGATG 2340 

TTTTAACAGA AAAAGAAATA TTTGAAAGCT GTGTCTGTAA ACTGATGGCT AACAAAACTA 2400 

25 GGATTTTGGT CACTTCTAAA ATGGAACATT TAAAGAAAGC TQACAAAATA TTAATTTTGC 2460 

ATGAAGGTAG CAGCTATTTT TATGGGACAT TTTCAGAACT CCAAAATCTA CAGCCAGACT 2520 

TTAGCTCAAA ACTCATGGGA TGTGATTCTT TCGACCSUITT TAGTQGAGAA AGAAGAAATT 2580 

30 

CAATCCTAAC TGAGACCTTA CACCGTTTCT CATTAGAAGG AGATGCTCCT GTCTCCTGGA 2640 

CAGAAACAAA AAAACAATCT TTTAAACAGA CTGGAQASTT TGGGGAAAAA AGGAAGAATT 2700 

35 CTATTCTCAA TCCAATCAAC TCTATAC3GAA AATTTTCCAT TGTGCAAAAG ACTCCCTTAC 2760 

AAATGAATGG CATCGAAGAG GATTCTGATG AGCCTTTAGA GAGAAGGCTG TCCTTAGTAC 2820 

CAGATTCTGA GCAGGGAGAG GCGATACTGC CTCGCATCAG C6TGATCAGC ACTGGCCCCA 2880 

40 

CGCTTCAGGC ACGAAGGAGG CAGTCTGTCC TGAACCTGAT GACACACTCA GTTAACCAAG 2940 

GTCAGAACAT TCACCGAAAG ACAACAGCAT CCACACGAAA AGTGTCACTG GCCCCTCAGG 3000 

45 CAAACTTGAC TGAACTGGAT ATATATTCAA GAAGGTTATC TCAAGAAACT GGCTTGGAAA 3060 

TAAGTGAAGA AATTAACGAA GAAGACTTAA AGGAGTGCCT TTTTGATGAT ATGGAGAGCA 3120 

TACCAQCAGT GACTACATGG AACACATACC TTCQATATAT TACTGTCCAC AAGAGCTTAA 3180 

50 

■ rX ' TT TGTGCT AATTTGGTGC TTA6TAATTT TTCTGGCAGA GGTGGCTGCT TCTTTGGTTG 3240 

TQCTGTGGCT CCTTGGAAAC ACTCCTCTTC AAGACAAAOG GAATAGTACT CATAGTAGAA 3300 

55 ATAACAGCTA TGCAGTGATT ATCACCAGCA CCAGTTCGTA TTATGTGTTT TACATTTACG 3360 

TGGGAGTAGC CGACACTTTG CTTGCTATGG GATTCTTCAG AGGTCTACCA CTGGTGCATA 3420 

CTCTAATCAC AGTGTCGAAA ATTTTACACC ACAAAATGTT ACATTCTGTT CTTCAAGCAC 3480 
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CTATGTCAAC CCTCAACACG TTGAAAGCAG GTGGGATTCT TAATAGATTC TCCAAAGATA 3540 

TAGCAATTTT GGATGACCTT CTGCCTCTTA CCATATTTGA CTTCATCCAG TTGTTATTAA 3600 

TTGTGATTGG AGCTATAGCA GTTGTCGCAG TTTTACAACC CTACATCTTT GTTGCAACAG 3660 

TGCCAQTOAT AGTGGCTTTT ATTATGTTGA GAGCATATTT CCTCCAAACC TCACAGCAAC 3720 

TCAAACAACT GGAATCTGAA 6GCAGGAGTC CAATTTTCAC TCATCTTGTT ACAAGCTTAA 3780 

AAGGACTATG GACACTTCGT GCCTTCGGAC GGCAGCCTTA CTTTGAAACT CTGTTCCACA 3840 

AAGCTCTGAA TTTACATACT GCCAACTGGT TCTTGTACCT GTCAACACTG CGCTGQTTCC 3900 

AAATGAGAAT AGAAATGATT TTTGTCATCT TCTTCATTGC TGTTACCTTC ATTTCCATTT 3960 

TAACAACAGG AGAAGGAGAA GGAAGAGTTG GTATTATCCT GACTTTAGCC ATGAATATCA 4020 

TGAGTAGATT GCAGTGGGCT GTAAACTCCA GCATAGATGT GGATAGCTTG ATGCGATCTG 4080 

TGAGCCGAGT CTTTAAGTTC ATTGACATGC CAACAGAAGG TAAACCTACC AAGTCAACCA 4140 

AACCATACAA GAATGGCGAA CTCTCGAAAG TTATGATTAT TGAGAATTCA CACGTGAAGA 4200 

AAGATGACAT CTGGCCCTCA GGGGGCCAAA TGACTGTCAA AGATCTCACA GCAAAATACA 4260 

CAGAAGGTGG AAATGCCATA TTAGAGAACA TTTCCTTCTC AATAAGTCCT GGCCAGAGGG 4320 

TGGGCCTCTT GGQAAGAACT GGATCAGGGA AGAGTACTTT GTTATCAGCT TTTTTGAGAC 4380 

TACTGAACAC TGAA6GAGAA ATCCAGATCG ATGGTGTGTC TTGGGATTCA ATAACTTTGC 4440 

AACAGTGGAG GAAAGCCTTT GGAGTGATAC CACAQAAAGT ATTTATTTTT TCTGGAACAT 4500 

TTAGAAAAAA CTTGGATCCC TATGAACAGT GGAGTGATCA AGAAATATGG AAAGTTGCAG 4560 

ATGAGGTTGG GCTCAGATCT GT6ATAGAAC AGTTTCCTGG GAAQCTTGAC TTTGTCCTTG 4620 

TGGATGGGGG CTGTGTCCTA AGCCATGGCC ACAAGCAGTT GATGTGCTTG GCTAGATCTG 4680 

TTCTCAGTAA GQCQAAGATC TTGCTGCTTG ATGAACCCAG TGCTCATTTG GATCCAGTAA 4740 

CATACCAAAT AATTAGAAGA ACTCTAAAAC AAGCATTTGC TGATTGCACA GTAATTCTCT 4800 

GTGAACACAG GATAGAAGCA ATGCTGGAAT GCCAACAATT TTTGGTCATA GAAGAGAACA 4860 

AAGTGCGGCA GTACGATTCC ATCCAGAAAC TGCTGAACGA GAGGAGCCTC TTCCGGCAAG 4920 

CCATCAGCCC CTCCGACAGG GTGAAGCTCT TTCCCCACCG GAACTCAAGC AAGTGCAAGT 4980 

CTAAGCCCCA GATTGCTGCT CTGAAAGAGG AGACAGAAGA AGAGGTGCAA GATACAAGGC 5040 

TTTA(3AGAGC AGCATAAATG TTGACATGGG ACATTTGCTC ATGGAATTGG AGGTAGCGGA 5X00 

TTGAGGTACT GAAATGTGTG GGCGTGGCTT AAGGGTGGGA AAGAATATAT AAGGTGGGGG 5160 

TCTCATGTAG TTTTGTATCT GTTTTGCAGC AGCCGCCGCC ATGAGCGCCA ACTCGTTTGA 5220 
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TGGAAGCATT GTGAGCTCAT ATTTGACAAC GCGCATGCCC CCATGGGCCG GGQTGCGTCai 5280 

GAATGTGATQ GGCTCCAGCA TTGATGGTCG CCCCGTCCTG CCCGCAAACT CTACTACCTT 5340 

> GACCTACGAG ACCGTGTCTG GAACGCCGTT GGAGACTGCA GCCTCCGCCO CCGCTTCAGC 5400 

CGCTGCAGCC ACCGCCCGCG GGATTGTGAC TGACTTTGCT TTCCTGAGCC CGCTTGCAAG 5460 

CAGTGCAGCT TCCCGTTCAT CCGCCCGCGA TGACAAGTTG ACGGCTCTTT TGGCACAATT 5520 

G6ATTCTTTG ACCCGGGAAC TTAATGTCGT TTCTGAGCAG CTGTTGGATC T6CGCCAGCA 5580 

GGTTTCTGCC CTGAAGGCTT CCTCCCCTCC CAATGCGGTT TAAAACATAA ATAAA 5635 
IS (2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 
20 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



10 



25 
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40 



(ii) MOLECULE TYPE: cZXNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
ACTCTTGAGT GCCAOCGAQT AGAGTTTTCT CCTCCG 36 
(2) INFORMATION FOR SEQ ID NO: 5: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 base pairs 
35 (B) TYPE: nucleic acid 

. (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: CDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

'45 GCAAAGGAGC GATCCACACG AAATGTGCC 29 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 
50 (A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

55 (ii) MOLECULE TYPE: cDMA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
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CTCCTCCGAG CCGCTCCGAG CTAG 

(2) INFORMATION FOR SEQ ID NO: 7: 

5 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBONESS : single 
10 (D) TOPOLOGY: linear 

(ii) MOLECDLE TYPE: cDNA 
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(xi) SEQXJENCE DESCRIPTION: SEQ ID N0:7: 
CCAAAAATGG CTGG6TGTA6 GAGCA6TGTC C 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE I^ESCRIPTION: SEQ ID NO: 8: 
CGGATCCTTT ATTATAG<3GG AAGTCCACGC CTAC 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear. 

(ii) MOLECULE TYPE: cDNA 



31 



34 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
50 CGGGATCCAT CGATGAAATA TGACTACGTC CG 



32 
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Claims 

1 . An adenovirus-based gene therapy vector comprising the genome of an adenovirus 2 
serotype in wbich the Ela and Elb regions of the genome, which are involved in early stages 

5 of viral replication, have been deleted aiid repkiced by genetic material of interest 

2. The adenovirus-based gene therapy vector of claim 1 , wherein the genetic material of 
interest is DNA encoding cystic fibrosis transmembrane conductance regulator 

10 3 . The adenovirus-based gene therapy vector of claim 1 further comprising PGK 
promoter operably linked to the genetic material of interest 

4. The adenovirus-based gene therapy vector of claim 2 having substantially the same 
nucleotide sequence as shown in Table n (SEQ ID N0:3). 

15 

5. An adenovirus-based gene therapy vector comprising adenovirus inverted terminal 
repeat nucleotide sequences and the minimal nucleotide sequences necessary for efGcient 
replication and packaging and genetic material of interest. 

20 6. The adenovinis-based gene therapy vector ofclaim 5 having the adenovirus 2 
sequences shown in Figure 17. 

7. The adenovirus-based gene therapy vector of claim 5 further comprising PGK 
promoter operably linked to the genetic material of interest 

25 

8. The adenovirus-based gene therapy vector of claim 5 in vMch the genetic material of 
interest is selected from the group consisting of DNA encoding: qrstic fibrosis 
transmembrane conductance regulator, Factor Vm, and Factor K. 

30 9, An adenovirus-based gene therapy vector comprising an adenovirus genome which 
has been deleted for all E4 open reading frames, except open reading frame 6, and 
additionally comprising genetic material of interest. 

1 0. The adenovirus-based gene therapy vector of claim 9 further comprising PGK 
35 promoter operably linked to the genetic material of interest. 



1 1 . The adenovirus-based gene therapy vector of claim 9 in which the Ela and Elb regions 
of the genome, which are involved in early stages of viral replication, have been deleted. 
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12. The adenovinis-based gene therapy vector of claim 9 in which the E3 region has been 
deleted. 

13. An adenovims-based gene therapy vector comprising an adenovirus genome v^ch 
5 has been deleted for all E4 open reading frames, except open reading frame 3, and 

additionally comprising genetic material of interest. 

14. The adenovirus-based gene therapy vector of claim 13 in which the Ela and Elb 
regions of the genome, which are involved in early stages of viral replication, have been 

10 deleted. 

1 5. The adenovirus-based gene therapy vector of claim 1 3 further comprising PGK 
promoter operably linked to the genetic material of interest 

IS 16. The adenovirus-based gene therapy vector of claim 1 3 in which the E3 region has 
been deleted. 

17. A method for treating or preventing cystic fibrosis in a patient comprising 
administering to the pulmonary ahivays of the patient, a gene therapy vector comprising 

20 DNA oicoding cystic fibrosis transmembrane conductance regulator. 

1 8. The method of claim 1 7 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising the genome of an adenovirus 2 serotype in which the Ela and Elb ^ 
regions of the genome, which are involved in early stages of viral replication, have been 

25 deleted and replaced by DNA encoding cystic fibrosis transmembrane conductance 
regulator. 

19. Hie method of claim 1 7 i^erein the gene therapy vector fiirther cono^rises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 

' 30 regulator. 

20. The method of claim 1 7 >^erein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising adenovirus inverted terminal repeats and the minimal sequences 
necessary for efGcient replication and packaging and DNA encoding cystic fibrosis 

35 tranmembrane conductance regulator. 

2 1 . The method of claim 20 wherein the gene therapy vector fiirther comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 
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22. The method of claim 1 7 \^erein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising an adenovirus genome ^ch has been deleted for all E4 open 
reading fiames, except open reading frame 6, and additionally con^sing DNA encoding 
5 cystic fibrosis transmembrane conductance regulator. 



23. The method of claim 22 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cysdc fibrosis transmembrane conductance 
regulator. 

10 

24. The method of claim 17 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising an adenovirus genome which has been deleted for all E4 open 
reading firames, except open reading frame 6, and has been deleted for the Ela and Elb regions 
of the genome, which are involved in early stages of viial replication, and additionally 

1 5 comprising DNA encoding cystic fibrosis tramnembrane conductance regulator. 



25. The method of claim 24 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 



wo 94/12649 PCTA;S93/11M7 



1/50 



PARTIAL cDNA CLON]ES OFTHE CFTRGEKE 
ATG Xba I 



Til 1 



Sph^ AccI 



12 



T16-1 



Xjbal Sph Ace I 



13 



Tl 6-4.5 



Sph I AccI Hoal 
\ I 1 



CI- 1/5 



^ 

119 bp inscn 

Sph Acc I H j>a I 



V 

3 bp dcledon 



TAG 
I 



24 



24 



Figure 1 



SUBSTITUTE SHEET (RULE 26) 



1 

wo 94/12649 PCTAJS93/11W7 

2/50 



STRATEGY FOR CONSTRUCTENG pKK- CFTRl 




Gel purify small fragment Gel purify large fragmenc 




ligaic 




Sph \ 



Figure 2 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 PCTAIS93/116fi7 



3/50 



CONSTRUCTION OF THE pKK- CFTR2 PLASMID 




nt 



Figure 3 



SUBSmUTE SHEET (RULE 26) 



wo 94^2649 



PCT/DS93/11667 



4/50 



STRATEGY FOR CONSTRUCTTNO THE pSC- CFTR2 PLASMID 




(Sm2 I/Eco RV) 

CFTR DNA 

^ PKK- 223- 3 

pSC- 3Z Figure A 




SUBSmUTE SHEET (ROLE 26) 



wo 94/12649 



PCT/US93/11W7 



5/50 



MAP OF pSC-CFTR2 




CFTR coding region 
CFTR noncoding region 

Tl I - derived non- CFTR DNA 

pSC- 3Z 



Figure 5 



SUBSTITUTE SHEET (RULE 26) 



wo 94^2649 PCT/US93/11«67 



6/50 



S bp 1716 

P I 

h I «»«»«synthetic Intron— •—"—•«»•— 

1 I 

I 119SRG 

CCAACTAGAAGAGGTAAGGGGCTCACCAGTTCAAAATCTGAAGTGGAGACAGGAC 
GTACGGTTGATCrTCTCCATTCCCCGAGTGGXCAAGXXTTAGACTTCACCTCTGTCCTG 
< 1198RG • 

bp nr? 
I 

^ — >i- 

C TG AG GTG ACAATGACATCTACTCTGACATTCTCTCCTCAGGACAXCTCCAAGXXTGCAG 
GACTCCACTGTTACTGTAGATGAGACTGTAAGAGAGGAGTCCTGTAGAGGTTCAAACGXC 

|< 1197RG 

B 
i 
n 
c 
I 
I 

1196RG 

ACJAAAGACAATATAGTTCTTGGAGAAGGTGGAATCACACTGAGTGGAGGTC 
TCrTTCTGTTATATCAAGAACCTCTTCCACCTTAGTGTGACTCACCTCCAG 
1 

Figure 6 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCTAJS93/11667 



7/50 



CONSTRUCTION OF THE pKK- CFTR3 cDNA 



Hinc n 
Sal I. 

EcoRV 
Nni I 




EcoRY 
Nnj 1 



1 



Hinc.II 

SphI 

Sal I digest /fill in 
religatc 



I Tllb j 



Sph 

Nrul/Eco RV digest 
religaic 




( Nru I/£co RV ) 



Sph I / Hinc 11 digest 
gel purify large fragmcni 



I I CFTR DNA 
85 bp intron 



Sph I Hinc II 



85 bp synihciic incron 



Ugaic 



( Nru 1/ Eco RV ) 




Hinc II 
Sph I 



Figure 7A 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



FCT/US93/11667 



8/50 



CONSTRUCTION OF THE pKK- CFTRS CLONE (confdO 




Nru IVEco RV 



Smal 
EcoRI 

Hincn EcoRI 
Spbl 



Eco RI / Sma I digest 
gel purify large fragment 




Eco RI 



SphI 



Seal 

Hpal 
Eco RI 

Eco Rl/Sca I digest 
gel purify 790 bp fragment 



ligate 



C== Sac I 



(Nru I / Eco R Y) j 



CFTR DNA 
N 9 bp insenion 



>iz^ 85 bp synthcsic intron 




Scr. I /Sma I 
Hpa I 
Eco RI 

Hjnc It 
Sph 1 



(Nru l/£co RV) 



Xba I 



Figure 7B 

SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



9/50 



PCT/US93/11667 



MAP OF pKK- CFTR3 

EcoRI 




Tn- dcnvcd non- CFTR DNA 



pKK- 223- 3 

Figure 8 



SUBSmUTE SHEET (RULE 26) 



wo 94/12649 



10/50 



PCT/US93/li667 



Gfycostdose 



CFTR: 



iA 

o 
c 
o 
o 

CD 
I 



(/) 
O 
C 

o 
o 

CD 
t 



B 



O 

■o 

C 



O 

c 
UJ 



C C 



200- 



97.4- 



C 
B 
A 



69- 



12 3 4 



5 6 



7 8 



Figure 9 



SUBSnrUTE SHEET (RULE 26) 



wo 94/12649 PCrAJS93/11667 



11/50 




O CD 



bei 



' II 



e - 



i 

0[* 



o 
o 



suBsrrruTE sheet (rule 26) 



wo 94/1264? PCT/US93/11667 



12/50 



CO 

tl. 

< 

I 

o 

.1 



O 
I 



• IT W 




M8 










e 


,0£ 




.0 








M8 














s 


.0 


< 
< 



O CD 




CNJ 



I 



V4 



1 i 



o 

CO 

t7 - 



HUD - iV^^c^ 



CO 

I 



O 
O 

CNJ 



1 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCTAJS93/11667 



13/50 



Figure 12B 

Figure 12A 




Figure 12D 

Figure 12C 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



14/50 



PCTAJS93/11667 



u 
o 

e 



^ o 

C f 

cr cr q: 

I- f- i- 

u. u- 

0 o 

1 I 

QL GL O- 



O 
I 



o 

lO 
M 

< 

I 

\- 
u. 
o 

I 

CL 



O ^ 

•2? ^ 

a> ro 

T ^ 



cr 
i- 
u. 
o 

I 



o 

I 



CL Q. 




92.5- 



I 2 3 4 5 6 7 



Figure 



13 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



15/50 



O 

O 



UL, 



< 



A 



o 

C 

2 



CO 
UJ 



■a 
< 

\ 
\ 

V 

\ 
\ 
\ 



.4^ 



UJ 



\ 
\ 
\ 
\^ 

\ 
\ 
\ 

s, 

\ 
\ 
\) 

\ 

\ 
\ 
\ 
\ 
\ 



LU 



cc 



o 



< 



«3 
I 

< 



SX 
LU 



f 



CN4 
UJ 



YY 



o> 

CO 
I 

to 
in 

< 
< 



UJ 



o 



A 



UJ 



i 



cn 

o 
u 

Ol 
t 

GO 



(0 

UJ 



cr 



\ 
\ 
\ 
\ 



A 



X 



SUBSrmjTE SHEET (RULE 26) 



wo 94/12649 



PCT/US93/11667 



16/50 




Figure 15 



SUBSTITUTE SHEET (RULE 26) 



17/50 



PCT/US93/H667 



eOKinOI. RAT MFCCTCO lATS 




2 3 4 56 789 10 

Figure 16 



SUBSTITUTE SHEET (RULE 26) 



18/50 



PCT/US93/11667 



Control kit InfccudRat Infected Rtt ^^<^^c^^'^ 

^ ^ 



872 
§03 
506 




Figure 17 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCTAJS93/H667 



19/50 








10 



Figure ISA 



14 



Controls 



Days After Infection 



% 
100 

80 

60 H 

40- 

20- 




1.7 



1.9 



1.4 



iiiiiiiiiiiiiiii 




F-lgure 18B 



Controls 



mother 

□ Lymphocytes 
E3 Macrophages 
S Neutrophils 



Days After Infection 



SUBSTITUTE SHEET (RULE 26) 



wo 94/12649 



PCTAJS93/11667 



20/50 




Figure 19 
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CLINICAL SIGNS MONKEY C AGE 7 YEARS 
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Figure 39A 
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